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Page 70, line 14: omit and Malacothricinae. 

Page 94, line 34: for Pinus read Pinus. 

Page 97, omit line 48, reading (Malvaceae). Rev.-Mus. de la Plata ser. 27: 111-152. 

Page 99, line 27: for var. SCAPOSA read var. scaposa. 
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Gypsum Gap, June 9, 1949, Weber 4742 (RSA, WS). Utah. 
line 12: the Latin diagnosis should follow var. nov. 
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Page 125, line 46: replace question mark with period. 
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Page 128, omit line 34. 

Page 150, lines 16, 19, 22, 24: for Blankenship eed Blankinship. 

Page 152, lines 21, 22: same as preceding. 

Page 158, line 21: for maks read makes. 
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Page 219, line 6: for manly read mainly. 
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GEOGRAPHIC RANGE AND INTRASPECIFIC VARIATION 
OF COULTER PINE 
BRUCE ZOBEL 


In conjunction with a recent study of the natural hybrid 
between Coulter and Jeffrey pines, an analysis was made of the 
characters of several trees in each of nine populations through- 
out the range of Coulter pine (Pinus Coulteri Lamb.). These 
populations were chosen to include different geographical areas 
and elevational zones; it was found that they were isolated 
from each other, especially in the northern portion of the spe- 
cies range. The locations and elevations of the populations are 
listed in Table 1. 

Coulter pine is generally regarded as a species endemic to 
California. It is found from Mount Diablo and Nortonville 
(Contra Costa County) in the north to a point in the vicinity 
of the Mexican border in the south. Some authors, Sudworth 
(1908) and Martinez (1945), state that Coulter pine is also 
found in the Sierra de San Pedro Martir, a mountain range 
in the northern part of Baja California, Mexico, but this has 
not been substantiated by other investigators (Wiggins, 1940, 
Duffield, personal communication). 

Throughout its range Coulter pine usually grows on the 
drier, warmer and rockier sites, but it may sometimes be found 
on the moister, cooler and more fertile ones. It is quite versatile 
in its ecological requirements and in the number and kind 
of plant associations in which it is found. Coulter pine grows 
intermixed with various oak species (except at the Idria local- 
ity) and is found associated with Jeffrey pine in all areas 
studied with the exception of the three northernmost popula- 
tions of Mount Diablo, Mount Hamilton, and Fremont’s Peak 
(Zobel, 1952). In addition, it is associated with ponderosa pine, 
sugar pine, coast redwood, Santa Lucia fir, incense cedar and 
white fir in various combinations at the other areas studied. 
For example, in the Northern Santa Lucia Mountains all species 
listed but white fir and incense cedar are found while to the 
south, at Black Mountain, coast redwood and Santa Lucia fir 
are replaced by incense cedar and white fir. 

Despite the varied ecological and geographical conditions 
which prevailed in the nine isolated populations, a remarkable 
similarity was found for most of the characters studied. Al- 
though these were chosen primarily for their suitability in 
analyzing the Coulter-Jeffrey hybrid, they also included those 
characters most important in determining variation within 
the two parental species. Characters studied can be broadly 
grouped into four classes which include those of cone, foliage, 
oleoresins (volatiles only), and seed. 


Maprono, Vol. 11, No. 8, pp. 285-316. October 24, 1952. 
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TABLE I. AREAS WHERE COULTER PINE WAS STUDIED IN CALIFORNIA 


Key Mean annual Elevation 
to Area County diam. growth feet 
Localities inches 
DC # Mount Diablo** 
(Mitchell Canyon) Contra Costa .28 500 


MH Mount Hamilton 
(Isabel Valley 
Ranch) Santa Clara .26 4,000 


FP Fremont’s Peak** 
(Fremont’s Peak 
State Park) San Benito .40 3,000 


CR  Chew’s Ridge* 
(Los Padres National 


Forest) Monterey 00 5,000 
I Iidria** 
(Clear Creek) San Benito 18 3,500 


AM _ Alvin Meadow* 
(San Bernardino 
National Forest) Riverside 38 5,000 


BM _~ Black Mountain 
(San Bernardino 
National Forest) Riverside .30 7,000 


LM Laguna Mountain 
(Cleveland National 


Forest) San Diego ot 6,000 
BR Benton’s Ranch 
(Corta Madera 
Valley) San Diego ATK 4,200 


From four to fifteen trees were sampled at each area. 
*Trees well-formed. 
**Trees with poor form. 


Three cone characteristics were analyzed. Specific gravity 
of the cones was simply determined and found to be very con- 
stant in all 9 areas, the weighted average being 0.93. This means 
that the cones barely float in water. Cone size was also studied, 
but proved to be rather variable, absolute lengths and widths 
varying greatly from site to site (length varied from approxi- 
mately 10 cm. to over 30 cm., while variation in width was 
equally large). The ratio of length to width was found to be 
relatively constant, the average being 1.6 (range 1.4 to 1.7). 
The third cone character used was qualitative and consisted 
of a study of several morphological features such as the posi- 
tion and form of the umbo and apophysis, and color of the cone. 
Disregarding size differences, all these cone characters were 
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Fic. 1. Graph showing the percent sulphuric acid non-solubles and 
specific gravities of the steam volatiles of the oleoresins from trees in 
the nine Coulter pine populations (see Table 1 for key to localities). 
The cross-hatched area represents the surphuric acid non-solubles and 
the area of vertical lines represents specific gravities. Note the uniform- 
ity among the populations. Range indicates range of variation within 
populations. 


relatively constant throughout the range, with the exception 
of the Idria locality, as noted later. 

Six characteristics of foliage were studied, only one of 
which was quantitative. These were all originally chosen for 
their sharp contrast to Jeffrey pine. Anatomically, it was found 
that a cross section through the needle showed a V-shaped 
stomata and endodermis with thin walls in all populations 
studied. Surface stomata shape was rectangular with no wax 
connections. Number of lines of stomata on the ventral surface 
varied considerably from tree to tree within each population, 
but population averages varied from 12 to 16 rows, average 
slightly over 13. Also evaluated was needle flexibility and the 
four bud characters of color (brown), presence of resin drop- 
lets, non-reflexed scales, and sharp point. The bud characters 
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were very constant everywhere, although needle flexibility 
varied somewhat with vigor of tree. 

Seed characters studied were ratio of wing length to seed 
length and seed coat thickness. Seed coat thickness was remark- 
ably uniform in all populations averaging .032 inch, with popu- 
lation averages varying only .028 to .035. Wing length to seed 
length ratio averaged 1.7, populations varying from 1.4 to 1.9. 
Although seed color and size were not used, considerable 
variation between populations was noted, and Fielding (1949) 
uses these characters as an indication of the beginning of racial 
- variation within certain populations. 

The volatile portion of the oleoresins was analysed quanti- 
tatively. All characters but optical rotation were very uniform 
throughout Coulter pine’s range. Variability in optical rotation 
was not unexpected. It averaged —18 degrees, while index 
of refraction average 1.471, specific gravity .839 and sulphuric 
acid non-solubles was 21 per cent. Two of these characters are 
shown in fig. 1 and illustrate the constancy among populations. 
A brief statistical analysis of oleoresin and cone specific gravi- 
ties showed that the samples from the nine areas were so 
similar that they might all have been obtained from the same 
population. 

The general concept of the role of isolation as expressed 
by Dobzhansky (1941) and Stebbins (1950) would lead us to 
believe that a number of geographic races should have evolved 
in the widely separated Coulter pine populations. On the basis 
of the characters used in this study, however, it appears that 
such definite local races have not yet evolved, a fact that may 
be explained partially by the relatively short time, in a geo- 
logical sense, that these nine populations have been isolated 
from one another. Undoubtedly fire and man’s activities have 
determined in part the present isolated pattern of distribution 
of Coulter pine. Sudworth (1908), in discussing the presence 
of this pine on Fremont’s Peak (San Benito County), mentions 
that it was formerly found over the whole summit of the 
Gabilan Range. At the present time the population is restricted 
to Fremont’s Peak proper and a few other high areas, with no 
indication that it has been part of a more extensive stand. 
When the period of time necessary for one géneration of trees 
to mature and reproduce is taken into account, it is highly 
improbable that by now the Fremont population would show 
any effects of isolation. 

There is, however, a tendency towards the initiation of 
distinct geographic races in some populations. This tendency 
is especially pronounced in the notably different population 
found near Idria, San Benito County where cones are much 
smaller than the average, and the shape and size of the umbo 
and apophysis are extremely variable. On some trees the cones 
have short, hooked spines while others have long-attenuate, 
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Fic. 2. The common limby form of Coulter Pine, often considered 
to be the only form the tree attains. Compare with fig. 3. 


hooked or even straight spines. Most likely the Idria population 
represents an edaphic-climatic ecotype in the formative stage, 
since this is a region where very hot summers, low annual rain- 
fall and poor serpentine, sandy and alkaline soils prevail. 
Lemmon (1902) proposed that the Coulter pines in Mitchell 
Canyon on Mount Diablo be designated P. Coulteri var. Diablo- 
ensis on the basis of their being smaller trees and having shorter 
leaves, smaller cones, and larger seeds than the type. Cones 
from the Mitchell Canyon area collected during the course of 
this study, however, proved to be slightly longer than the 
average for all nine populations, needle length was average, 
and seed size was identical with that of seed from Chew’s 
Ridge and Fremont’s Peak. Seed weight, as reported by Field- 
ing (1949) was also average. Fielding also stated that cone 
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Fic. 3. The large tree on the right shows the fine form that Coulter 
pine sometimes attains. This tree is growing on a good site in mixture 
with Jeffrey pine at Alvin Meadow. Less than a mile distant is a pure 
stand of Coulter pine with a form similar to the trees shown in fig. 2 
(see Table 1 for key to areas). 


length of the Mount Diablo trees exceeded that in the other 
localities studied. Therefore, in the writer’s opinion, most char- 
acters of the Mount Diablo (Mitchell Canyon) Coulter pine 
fall within the normal range of variation, and subspecific status 
is not warranted. The writer agrees with Lemmon that the 
trees in this area are more branched and have poorer form 
than those of many other Coulter pine populations. 

Coulter pines do not all have the same general form (ie., 
numerous long, coarse, sweeping limbs that nearly touch the 
ground) even though their cones, oleoresins, foliage, and seeds 
are similar (fig. 2). Occasionally, stands of small area were 
found, usually on more favorable sites, where the Coulter pines 
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were tall, straight and small-limbed (fig. 3). Whether these 
well-formed trees are merely the result of similar genotypes 
selected by superior habitats, or whether they are the result 
of past introgression of genes of the well-formed Jeffrey pine 
into Coulter pine, must await suitable genetic tests. Regardless 
of cause, Coulter pine frequently has the form of a good timber 
tree which should interest foresters when considered along 
with its rapid growth rate. In the regions studied, the best- 
formed trees were found at Chew’s Ridge in Monterey County 
and at Alvin Meadow in Riverside County, while the poorer 
formed trees were found on Mount Diablo in Contra Costa 
County, and Fremont’s Peak and Idria in San Benito County. 
However, the populations having the faster diameter growth 
do not necessarily have the better tree form (Table 1). 

Based on the apparent ease of reproduction and the pre- 
dominance of Coulter pine seedlings over those of its com- 
panion species when growing in mixed stands, Coulter pine 
would appear to be a potentially expanding species. Barring 
repeated fire on chaparral covered slopes, young Coulter pines 
become established and dominate an area in a short time if left 
undisturbed. 

Coulter pine has an unfortunate reputation in the literature 
as ascrubby, inferior, much branched and generally undesirable 
tree. This is a result of its ability to grow on extremely poor 
sites where it has poor form and is conspicuous because no 
other conifers are found growing with it. However, on favor- 
able sites it frequently makes a fine tree. Genetic studies to 
determine the best genotypes should enable Coulter pine to be 
included as a regular member of our “wood producing” coni- 
fers, either as the species or as a hybrid with some related 
species such as Jeffrey pine. 


Texas Forest Service 
College Station, Texas 
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STUDIES IN WESTERN VIOLETS. VII. 
Mito S. BAKER 


Viola purpurea Kell. and its subspecies as well as V. pedun- 
culata Torr. & Gray and its subspecies, both members of the 
Nuttallianae, were treated in part six of this series (Madrono 
10:110-128. 1949). The present paper completes the account 
of the V. purpurea complex by treating V. awrea, another mem- 
ber of the Section Nuttallianae, and also proposes new taxa and 
changes of status in other groups. 


VIOLA AUREA 


Although closely allied to V. purpurea, V. aurea is treated 
herein as a separate species, partly because of its desert habitat 
and partly because it possesses some characters not found in 
V. purpurea. The flowers of V. aurea are somewhat larger, the 
lateral petals are scantily bearded, and the seeds are more 
slender than are the nearly spherical seeds of V. purpurea and 
they have a larger caruncle. 


VIOLA AUREA Kell. Proc. Calif. Acad. Sci. 2:185. 1862. Erect 
or decumbent desert plants from a shallow or deep-seated root- 
stock having a single taproot or a combination of taproot and 
adventitious roots; stems conspicuous or dwarf during anthesis 
but more conspicuous later; first leaves long-petioled, more or 
less rounded and the margins coarsely toothed; cauline leaves 
many on shorter petioles; herbage mostly grayish owing to 
pubescence or puberulence (certain races glabrate and therefore 
of greener aspect); length of peduncles varying from slightly 
to greatly exceeding the foliage, corolla yellow, purple-backed 
at least on the upper petals, 15-16 mm. in diameter, lateral 
petals scantily bearded, spur short, scarcely exserted from the 
bases of the sepals; sepals linear-lanceolate, pubescent or ciliate, 
foramen bounded on the lower side by a minute lip, head with 
many backward-pointing lateral beards; ovary and capsules 
puberulent; seeds with conspicuous caruncle covering nearly 
one-third of length of seed, seeds approximately twice as long 
as wide; chromosomes 12 pairs in two of the three subspecies. 


VIOLA AUREA subsp. aurea. V. aurea Kell. Proc. Calif. Acad. 
Sci. 2:185. 1862. Illustrations, see Madrono 10: pls. 5, 7, table, 
p. 117 (as V. aurea typica). 1949. 


Plants 4-12 cm. tall, geophytic, with winter buds 2-6 cm. 
below the soil surface; root system of many stout primary and 
secondary roots supplemented by numerous adventitious roots; 
stems 1 to 5, one-third to one-half or more subterranean, total 
length 2-6 cm. above ground erect and crowded with leaves 
and flowers; plant canescent throughout; basal leaves 1-6, ovate 
to nearly round, cuneate to almost truncate at base, invariably 
decurrent on the petiole, conspicuously obtuse at apex, margin 
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coarsely repand-dentate, 1.4-3.4 cm. wide, 1.2-5 cm. long; 
cauline leaves more numerous, narrower and sharper at apex, 
base more often truncate, margins less deeply dentate, ovate 
to ovate-lanceolate 0.9-1.9 cm. wide and 1.5-3.7 cm. long on 
petioles 1.4-5.3 cm.; stipules of radical leaves scarious, adnate, 
forming linear-lanceolate, petiolar wings, the free portion 2-4 
mm. long; cauline stipules scarcely foliaceous, ovate-lanceolate 
to oblong-lanceolate, entire, 5-12 mm. long; peduncles cauline, 
villous, those of petaliferous flowers mostly as high as or 
slightly exceeding the foliage, 3-10 cm. long; bracteoles scari- 
ous, narrowly linear, ca. 2 mm. long; sepals lanceolate, acute, 
more or less long-villous and regularly but minutely ciliolate, 
ca. 1.5 mm. wide and 4-5 mm. long; petals oblong-obovate, 
5 mm. wide and 8 mm. long; lateral petals faintly marked by 
three dark lines, nearly beardless (4-10 beards), narrowly 
obovate; lower petal with seven distinct lines and two fainter 
ones, total length including spur 13 mm.; capsule nearly orbicu- 
lar in outline, ca. 6 mm. in diameter, densely puberulent; seeds 
brown, average weight 2.15 mg. 


Viola aurea was described and named by Dr. Kellogg in 1862 
from plants brought to him from “Nevada Territory” by C. W. 
Dorr. No type specimen was preserved, but there is an illustra- 
tion (Proc. Calif. Acad. Sci. Ser. 1. 2:187. 1862). There has never 
been any doubt, however, as to the plant Dr. Kellogg had in 
mind since, as he states, it is “almost woolly in external 
appearance.” . 


Until recent years this subspecies was abundant about Verdi 
and Reno, Nevada, but the plants are fast being exterminated 
by the grazing and trampling of stock. It ranges from Pyramid 
Lake, Nevada, south on the east side of the Sierra Nevada to 
“Mojave Station,” the San Bernardino Mountains and to the 
Cuyamaca Mountains in San Diego County, California, at alti- 
tudes from 4000 to 7000 feet. It is far from common; all of the 
collections in the large herbaria of the United States numbered 
only seventeen in 1936. Because of the woolly appearance and 
inconspicuous stems this subspecies is readily distinguished 
from subsp. mohavensis while its woolly pubescence also 
readily distinguishes it from subsp. arizonensis. It belongs in 
the V. purpurea complex because of the thickness and outline 
of its leaves, its elongated peduncles, its puberulent capsules, 
and the conspicuously darkened backs of the upper petals. 


VIOLA AUREA subsp. mohavensis Baker and Clausen subsp. 
nov. Illustrations, see Madrono 10: pls. 5, 7, pp. 115, 121; table, 
p. 117, 1949. 


A V. aurea subsp. aurea planta tota propter pilos brevissimos 
omnino canescente marginibus foliorum radicalium valde sinu- 
atis eis caulinis dentibus incurvatis grosse serratis caulibus 
magis auctis floribus longipedunculatis discedit. 
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Fic. 1. Viola aurea subsp. mohavensis Baker ea Clausen, photo- 
graph of type specimen. 


Erect desert plants, 6-30 cm. high, mostly with gray foliage, 
covered throughout with a microscopic puberulence or some 
races glabrate and thus of greener aspect; rootstock erect, deep- 
seated or near the surface; root system with a long taproot or 
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several large secondary roots, with or without adventitious 
roots; stems 1 to 5, 3-10 cm. high during anthesis but occa- 
sionally up to 24 cm. in height in fruit; basal leaves several, 
large, teeth coarse and rounded (op. cit. pl. 5) truncate or 
slightly cuneate at base, 1-3.5 cm. wide, 1-4 cm. long, on petioles 
3.5-11 cm. long; cauline leaves progressively smaller upwards 
and on shorter petioles, teeth sharper and shaped as in a band- 
saw (op. cit. pl. 5); stipules of radical leaves adnate, nearly 
obsolete, the free wing barely visible, those of the cauline leaves 
foliaceous, often very unequal even at the same node, variable 
in shape, lanceolate to linear or oblong, mostly entire, 2.5-) mm. 
long; peduncles axillary, extending well above the foliage, 
bracteoles somewhat scarious, often noticeably separated; flow- 
ers as in the aurea group, but the amount of bearding on lateral 
petals variable from about 10 beards to many; seeds light brown, 
average weight 2.3 mg. 

This subspecies is the most “stemmy” and often the tallest 
in the V. purpurea complex; it also has the longest peduncles 
of the group. It occurs in California from Long Valley, Mono 
County, and the Coso Mountains of Inyo County, to Mount 
Pinos and Frazier Mountain and the San Gabriel, San Antonio, 
San Bernardino, and Cuyamaca mountains. There are two out- 
lying stations: Santa Rita Peak of the San Carlos Range, San 
Benito County, and Chews Ridge, Monterey County (one col- 
lection). In nine collections where the elevations are known, 
the average elevation is 6300 feet. 

Type. Horsethief Canyon in a brushy flat, San Bernardino 
County, California, elevation 3280 feet, May 3, 1938, Clokey 
5833 (UC; isotypes at most of the large herbaria of the United 
States; topotype: Anderson and Clokey 6753). 

There are two rather distinct forms of this subspecies, the 
type representing the more common form. In Mono and Inyo 
counties is found a form much greener in aspect (Baker 9090), 
lacking the microscopic puberulence (UC and Baker Herb.). 


VIOLA AUREA subsp. arizonensis subsp. nov. Baker and Clau- 
sen. Illustration, see Madrono 10: pl. 5, p. 115, 1949. 

A subsp. aurea planta tota propter pilos brevissimos ut apud 
subspeciem mohavensem omnino sed minus canescente foliis 
superioribus plus minusve integris discedit et foliorum margini- 
bus modo subsp. aurea mohavenseque intermedio sinuatis. 

Regenerating buds rather deep-seated; stems many but 
undeveloped at time of flowering, later probably conspicuous; 
basal as well as cauline leaves numerous, grayish-green, 
covered throughout with a microscopic puberulence similar to 
that of subsp. mohavensis; basal leaves large, on petioles up to 
9 cm. long, ovate, somewhat truncate at base but decurrent on 
the petiole, the margin of earliest basal leaves sinuate as in 
subsp. mohavensis, but the teeth more irregular and shallower, 
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Fic. 2. Viola aurea subsp. arizonensis Baker and Clausen, pts 
graph of lower plant on type sheet. 


the apex rounded, 2.5-3.3 cm. wide, 2.8-3.5 cm. long; cauline 
leaves progressively smaller upwards, ovate-lanceolate, long- 
petioled but shorter than in the basal leaves, the margin upward 
gradually changing to irregularly undulate, often entire; stip- 
ules small, oblong-lanceolate, occasionally toothed, probably 
becoming more conspicuous in the later growth, scarcely 1 cm. 
long; peduncles axillary, the earliest somewhat above the 
leaves, bracteolate above the middle, 8-9 cm. long; sepals nar- 
rower and more acute than in the other subspecies, microscopi- 
cally puberulent and more or less ciliate; corolla similar in size, 
form and coloring to that of subsp. mohavensis; pistil and 
stamen-sheath much as in the other subspecies; capsules and 
seeds unknown. 

Type. Parker Creek Station, Sierra Ancha Mountains, Gila 
County, Arizona, April 14, 1939, Crooks, Darrow and Arnold 
(UA). 

This subspecies is close to subsp. mohavensis in the size and 
outline of the earliest leaves and the size of the flowers. In addi- 
tion, the pubescence of the young leaves is similar to that of 
subsp. mohavensis, but the old leaves become glabrate. 

Subspecies arizonensis also differs from subsp. mohavensis in 
. the much shorter peduncles, reduced caulescence, and in the 
narrower and longer sepals as well as in the changed margin of 
the cauline leaves, where the dentation is much reduced, many 
of the leaves being entire or nearly so, with none of the band- 
saw effect which invariably characterizes subsp. mohavensis. 
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The description of this subspecies is scanty owing to a lack 
of material, there being but two known collections. The only 
collection besides that of the type was made by Mrs. Rose 
Collum (Mazatzal Mountains, Gila County, Arizona, April 8, 
1933 at 6000 feet elevation, US, NY). ) 


VIOLA CALIFORNICA 


Viola californica sp. nov. Gregi erecto-nudicaulibus affinis ex 
rhizomate tenui elongatoque omnino sparce puberulenta cauli- 
bus petiolis ac pedunculis hirsutis foliis tenuibus utrinsecus plus 
minusve ejusdem coloris profunde crenato-serratis numquam 
crasse irregulariterque dentatis eis superioribus saepe profunde 
cordatis elongatis apice lanceolatis sed apicem versus ut apud 
V. lobatam var. integrifoliam haud angustatis corolla lutea 
magna petalis superioribus parte posteriore tantum leviter 
fuscatis sepalis ciliatis insigniter longis angustique stylo basi 
subito sursum flexo. 

Rootstock long and slender, stems 1 to 4, erect, 5-20 cm. 
high, naked below except for a scarious bract towards the 
base; herbage sparingly puberulent, basal leaves 1 or 2, but 
occasionally 3 or 4, cauline leaves 2 to 5 near the summit of 
stem; rootstock erect or ascending, usually long and slender, 
functional roots mainly adventitious, the taproot of the seedling 
disappearing early; leaves thin, about the same shade of green 
on both surfaces, margin crenate-serrate, on plainly hirsutulous 
petioles; basal leaves ovate-cordate, with deep sulcus and a 
short acuminate tip, width and length (3-6 cm.) approximately 
equal, on petioles 6-14 cm. long; lower cauline leaves as large 
as basal leaves but more elongated with little if any narrowing 
at base of the enlarged acuminate tip; the base of the cauline 
leaves may be as deeply cordate as the basal leaves or subcord- 
ate, but rarely, if ever, truncate; stipules narrowly lanceolate, 
scarcely foliaceous, entire, less than 1 cm. in length; stems stout, 
clearly hirsutulous above; peduncles with the same pubescence 
as the stems, 3-10 cm. long, equalling leaves; bracteoles incon- 
spicuous, borne near the middle of peduncle; flowers few but 
large, the diameter in fresh specimens up to 2.6 cm.; petals 
broad, yellow, the upper faintly purple-backed, the lateral 
scantily clavate-bearded; sepals ciliate, gland-tipped, long and 
narrow, the lowermost narrowly linear-lanceolate, scarcely 
2 mm. wide at base, 10 mm. long, the upper ones hardly en- 
larged at base, up to 13 mm. long; style, as in Viola glabella, 
with a sharp upward flexure at the ovary and a barely discern- 
ible stigmatic tube surrounding the foramen (fresh flowers) ; 
capsule elliptical, glabrous, beaked, similar to that of V. glabella 
but somewhat larger; mature seeds unknown. 

Type. Coniferous forest, mainly Abies concolor, South Fork 
Mountain, Humboldt County, California, 5000 feet, June 14, 
1946, Baker 11492 (UC 707010); isotypes: DS, POM, MO, US, 
GH NY oe CAS, WLU, PH WILLU. OSC. 
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Fic. 3. Viola californica Baker. 


‘ 


The only collections known to me of Viola californica, aside 
from the type, are as follows: CALIFORNIA. Humboldt 
County: South Fork Mountain, 1926, Baker 89 (UC); Grouse 
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Fic. 4. Viola lobata Benth. var. integrifolia Wats. From a plant 
growing near Ingot, Shasta County, California. 
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Mountain, J. P. Tracy 12907, 14068, 15912%, 15917 (UC); near 
Box Camp, 5000 feet, Baker 11900,11905 (Baker Herbarium). 
Trinity County: Happy Camp Mountain, Trinity Summit Range. 
northeast of Hawkins Bar, 4200 feet, Tracy 11655 (UC). 

This is a rarely collected species. It first came to my atten- 
tion late in July of 1926 when I discovered it in the coniferous 
forest of South Fork Mountain. Unquestionably it seemed to 
belong with the Erectae Nudicaules group (Section Chamae- 
melanium), represented on the Pacific Coast by Viola glabella 
Nutt. and V. lobata var. integrifolia Wats. Being entirely out of 
flower, it seemed at the time of discovery nearer to the former 
because of its foliage. However, the hirsutulous petioles, stems © 
and peduncles, and elongated upper leaves left doubt as to the 
identity of this violet. So it remained an enigma until I learned 
- that Mr. Joseph Tracy of Eureka, California, had been collect- 
ing the same strange violet not only on South Fork Mountain, 
but also at several other places in Humboldt County, all having 
an elevation of 5000 feet or higher. 

In June, 1946, I again collected this violet on South Fork 
Mountain, this time in good flower. Although intermediate 
between V. glabella and V. lobata var. integrifolia Watson, it 
possesses some characters which are not found in either of those 
taxa. 

From V. glabella it differs in having larger flowers, plainly 
hirsutulous stems, peduncles and petioles, in its ciliate and 
more slender sepals, and in its elongated upper leaves. Its 
habitat too is distinctive, for it grows on dry, rocky, upland soil. 
The rootstocks are usually more slender and much longer than 
in V. glabella. 

From V. lobata var. integrifolia it differs in the abundant, 
much thinner leaves which are concolorous above and below, 
and which are regularly crenate-serrate rather than irregularly 
dentate, in the lower cauline leaves which are often as large 
and as deeply cordate as the radical leaves and in the upper- 
most cauline leaves which are rarely or never truncate, and 
not narrowed above the middle as is common in V. lobata var. 
integrifolia, in the upper petals which are only slightly dark- 
ened on the backs, and in the style which differs in having a 
sharp upward flexure near the ovary. 

In conclusion, because of the large corolla, the narrow and 
elongated sepals, and the clearly pubescent stems, petioles 
and peduncles, V. californica should never be confused with 
either V. glabella or V. lobata var. integrifolia. 

Owing to the fact that V. lobata var. integrifolia exhibits 
considerable variation throughout its range from southern 
Oregon to the southern border of California, it should be made 
clear that in the foregoing comparison I have in mind those 
plants of var. integrifolia growing in the region of Humboldt 
County, in proximity with V. californica. 
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Viola californica may have arisen as a hybrid between 
V. glabella and V. lobata var. integrifolia. It is very abundant 
in the forest of South Fork Mountain at 5000 feet. Mr. Tracy 
and I collected this violet for several miles along the forest road 
on this mountain but could not locate any plants below the 
lower altitudinal limit of the white fir. Likewise, in northern 
Humboldt County, Mr. Tracy has found it growing only in 
fir forests. 

In 1949, I expressed the opinion (Leafl. West. Bot. 9:176) 
that the species under consideration here is V. deltoidea Greene. 
I have recently re-examined my collection of the latter species 
from the type locality at Waldo, Oregon, and have now come 
to the conclusion, that Greene’s V. deltoidea is only a form of 
V. lobata var. integrifolia Wats. 


VIOLA PALLENS AND VIOLA MACLOSKEYI 


In the West we have two white-flowered violets which are 
difficult to distinguish. The type locality of one, V. Macloskeyt 
Lloyd, is on Mount Hood in northern Oregon, the plant ranging 
southward through Oregon and California. The other, V. pallens 
(Banks) Brainerd, in its typical form, ranges from northeastern 
Washington (Diamond Lake, Pend Oreille County, 9 May 1923, 
Spiegelhaus, UC), north into British Columbia, east through 
Canada to the region of the Great Lakes and on to the higher 
mountains of the Atlantic States and north into Labrador and 
Greenland. (Reported collections of V. pallens from Colorado, 
Montana, Wyoming, Utah and Idaho have proved to be either 
V. palustris L., or V. palustris subsp. brevipes Baker.) 

Between the main ranges of these two white-flowered 
violets, however, is an area where the distinguishing characters 
appear to intergrade. The following collections do not fall 
readily into either group. Washington: swamp near Tacoma, 
Flett 108,2222 (WS); cold bog near Olympia, Henderson 2054 
(WS); British Columbia: Stanley Park near Vancouver, April 
and October 1913, Henry (Baker Herbarium); near summit of 
Mount Arrowsmith, Baker 850 (Baker Herbarium). Oregon: 
Crater Lake, Baker 604, nearer to V. Macloskeyi except for leaf 
margins (Baker Herbarium); near Tumulo Ranger Station, 
Crook County, altitude 6000 to 7000 feet, Ferris and Duthie 463 
(DS), lateral petals with little or no bearding, otherwise like 
V. Macloskeyi. 

Inasmuch as these taxa both have twelve pairs of chromo- 
somes and as they appear to intergrade along their common 
borders, it seems reasonable to regard these two white-flowered 
violets as belonging to a single species. The appropriate new 
combinations are herewith proposed. 


VIOLA PALLENS (Banks ex DC.) Brainerd subsp. pallens. V. 
rotundifolia var. pallens Banks ex. DC. Prodr. 1:295, 1824. 
V. pallens Brainerd, Rhodora 7: 247. 1905. 
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This subspecies includes the northern and eastern material. 


VIOLA PALLENS (Banks ex DC.) Brainerd subsp. Macloskeyi 
(Lloyd) comb. nov. V. Macloskeyi Lloyd, Erythea 3:74. 1895. 
V. blanda var. Macloskeyi Jepson, Man. FI. Pl. Calif. 648. 1925. 

This subspecies includes all material known at this time 
from Oregon and California. 


VIOLA BECKWITHII 


VIoLA BeckwitHit T. & G. subsp. glabrata subsp. nov. A 
subsp. Beckwithio foliis glabris vel glabratis segmentibus foli- 
orum latioribus differt. 

Root, rootstock, stems, foliage and flowers as in V. Beck- 
withii subsp. Beckwithii, except foliage glabrous or with only 
a trace of puberulence and leaf segments wider; habitat as far 
as known, open grassy spots in coniferous forests. 

‘Type. Open grassy spots in coniferous forest along Highway 
89, about 5 miles south of junction with Highway 36, altitude 
4700 feet, Plumas County, California, Baker 12435 (UC 954252). 

Other collections. California. Lassen County: H. K. Myers 
in 1930 (UC, Baker Herbarium) ; Fredonyer Pass, altitude 5750 
feet, H. C. Cantelow 4537 (CAS), Baker 12423 (Baker Herba- 
rium). Nevada County: southeast end of Boca Dam, Cantelow 
4551 (CAS). Sierra County: Sardine Lake, Sonne in 1887 
(JEPS). 

The following characters of the Myers collection originally 
influenced me in placing the plant with Viola Halli: the gla- 
brous or glabrate foliage; the cream-color of the three lower 
petals; the width of the leaf-segments which are as coarse or 
coarser than those of V. Hallii. 

Recent field work in Mount Lassen National Park and vi- 
cinity, Lassen County, has shown that petal-color varies from 
medium lavender to cream (Baker 12435), a color-range also 
occasionally exhibited in typical V. Beckwithii. Leaf-puberu- 
lence is also slightly variable, but the leaves are never abun- 
dantly puberulent asin V. Beckwithit. 

This Lassen County material further resembles V. Beck- 
withit in its upper petals which are parallel with each other 
and at right angles to the plane of the lower petal rather than 
being approximately in the same plane as the lower petal, 
as is the case in V. Halli. In the reduced aerial caulescence 
concomitant with the more deeply seated rootstock, these plants 
resemble V. Beckwithii rather than V. Hallii. The latter has a 
shallowly buried rootstock with a resultantly larger proportion 
of stem above ground. 

Viola Beckwithii subsp. glabrata occurs at somewhat higher 
elevations than the typical form and in several cases at least, 
in open spots in coniferous forests. . 


Santa Rosa Junior College, California 
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A MONOGRAPH OF THE GENERA BLOOMERIA AND 
MUILLA (LILIACEAE) 


JOHN INGRAM 


This paper treats the two small liliaceous genera, Bloomeria 
and Muilla. Bloomeria has two species, ranging from San 
Benito County, California, to northern Baja California, Mexico, 
while Muilla has three ranging from Glenn County, California, 
to northern Baja California and east to western Nevada. Keys 
have been included to separate closely related genera as well 
as the species and varieties of Bloomeria and Muilla. An excla- 
mation point (!) indicates that the type, isotype or photograph 
of the type has been examined. Where type specimens have not 
been seen, species determinations have been based on original 
descriptions aided by available photographs. 

This study is based on herbarium material and on fresh 
material collected by the author. In the study of herbarium 
specimens measurements of scapes, leaves, and pedicels were 
made on dry material, but the floral parts were first boiled in 
water. 

The author wishes to thank the following people: Dr. 
Louis C. Wheeler for suggestions and supervision; Mr. John 
Thomas Howell, California Academy of Sciences, for informa- 
tion regarding type material: Dr. Albert L. Delisle, Curator 
of the Greene-Nieuwland Herbarium, University of Notre 
Dame, for pertinent information concerning Greene’s type 
species; Mr. John McB. Robertson for aid in collecting speci- 
mens; the curators of various herbaria and Mr. Robert L. Dress- 
ler for loan of specimens. 

In the citation of specimens, herbaria are referred to by 
the abbreviations listed in Lanjouw and Stafleu (Index Her- 
bariorum, part 1, 1952). Abbreviations for herbaria not included 
in this list, are: Herbarium of Robert L. Dressler, University 
of Southern California, Department of Botany (D); Herbarium 
of the author (IN) ; The Vegetation Type Map Herbarium of the 
California Forest and Range Experiment Station, University 
of California, Berkeley (VTM). 


Key TO BLOOMERIA, MUILLA, AND CLOSELY RELATED GENERA 


Pedicels jointed at the summit. 
Perianth-segments united into a distinct tube... Brodiaea 
Perianth-segments distinct to the base..........00000ceeeeeeeeeee. Bloomeria 
Pedicels not jointed at the summit. 
Plants arising from fibrous-coated corms, herbage not having the 


odor of onions; perianth-segments 2 or 3 nerved................ Muilla 
Plants arising from tunicated bulbs or corms, herbage having the 
odor of onions; perianth-segments 1 nerved............................ Allium 


BLOOMERIA Kell. Proc. Calif. Acad. 2:11. 1859. 


Stem scapose, arising from a fibrous-coated corm; leaves, 
basal, linear, and carinate; flowers numerous, yellow, in a loose 
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terminal umbel; pedicels subtended by numerous membranous 
bracts. Perianth-segments 6, distinct, nearly equal, oblong- 
linear, subrotate at anthesis, persistent. Stamens 6, fertile, 
a little shorter than and inserted on the base of the perianth- 
segments; filaments margined at the base by wing-like or cup- 
shaped appendages; anthers versatile, attached near the base. 
Style 1, persistent, splitting with the subglobose, loculicidal 
capsule. Seeds 1 to several per locule, black, subovoid, angular 
and wrinkled. (H. G. Bloomer, early California botanist and 
one time Botanical Curator of the California Academy of Sci- 
ences, San Francisco.) Type Species: Bloomeria aurea. | 


KEy TO SPECIES AND VARIETIES OF BLOOMERIA 


Filament margined by an oblong, entire, smooth appendage (fig. 2, 4); 

style shorter than the ovary; leaves several. San Diego County 

1. B. Clevelandit. 

Filament with a basal papillose nectariferous cup (appendage); style 
longer than the ovary; leaf solitary, rarely two. 

Nectariferous cup of the filament shallowly bicuspidate at apex 

GETZ PP) ayo, ok Sa fies ac en nnd att Dg! 2a. B. crocea var. crocea. 

Nectariferous cup ending in 2 awn-like cusps. 
Cusps not attenuate, 1 to 2 mm. long, less than half as long as 


the filament (fig. 2, Bi gee ee 2b. B. crocea var. aurea. 
Cusps attenuate, 3 to 3.9 mm. long, about half as long as the 
filament “(figs 2, °C) cocina Ac ee 2c. B. crocea var. montana. 


1. BLOOMERIA CLEVELANDII S. Wats. Proc. Am. Acad. 20:376. 
1885. Type: mesas near San Diego, California in 1884, Cleveland 
(GH!). The type is representative of the species. 

Scape 12.5-25.5 cm. long, scabrous; pedicels 2.5-4 cm. long; 
flowers 10 to 20; perianth-segments 6-10 mm. long, yellow with 
a green central stripe; filaments 3-5 mm. long; anthers 1.5-2.5 
mm. long, pale yellow or white; appendages of the filaments 
smooth, oblong, entire, obtuse at the apex. 

Distribution. Bloomeria Clevelandii occurs only in San 
Diego County, California (fig. 1, B). 

Material examined. San Diego County: south side Monte- 
zuma Road, south of Alvarado tract, San Diego, Ingram 102 
(IN, LAS); Camp Kearney Mesa, Purer 6534 (LAS); San 
Diego, Cleveland (UC); San Diego and vicinity, Woodcock 80 
(UC); San Diego, Greene in 1885 (UC); San Diego, Orcutt in 
1884 (UC); Linda Vista on Kearney Mesa, Gander 8316 (UC); 
Rancho Santa Fe, Gander 8308 (UC). 

The smooth, oblong stamen appendage of B. Clevelandii 
clearly separates it from B. crocea whose filaments have a basal 
papillose, nectariferous cup (fig. 2). Furthermore, it often has 
two or three scapes per corm, whereas B. crocea has only one. 


2. BLOOMERIA CROCEA (Torr.) Cov. Contr. U.S. Nat. Herb. 
4:203. 1893. 

Scape 20-70 cm. long (average 40), minutely scabrous; leaf 
solitary, about as long as the scape, 3-15 mm. wide; pedicels 


1953]. INGRAM: BLOOMERIA 21 


Fic. 1. A. Range of Muilla in California and Nevada. M. maritima, 
dots; M. coronata, circles; M. transmontana, triangles. B. Range of 
Bloomeria in California. B. crocea var. crocea, dots; B. crocea var. 
aurea, circles; B. crocea var. montana, half-filled circles; B. Clevelandii, 
triangles. 


5-65 mm. long (average 30); flowers 5 to 75 (average 30 to 45) ; 
perianth-segments 5-13 mm. long (average 8), yellow witha 
brown mid-vein; filaments 3-10 mm. long; anthers 1.5-3 mm. 
long; appendages of the filaments papillose; style longer than 
the ovary. i 


2a. BLOOMERIA CROCEA (Torr.) Cov. var. crocea. 

Allium croceum Torr. in Emory, U.S. & Mex. Bound. Surv. 
2 (1) :218. 18591. Type: summit of mountains east of San Diego, 
California, in 1859, Parry (NY!). The type is an average speci- 
men except for fewer flowers. B. crocea Cov., Contr. U.S. Nat. 
Herb. 4: 203. 1893. 

Perianth-segments yellow-orange, 5-12 mm. long; stamen 
appendages bicuspidate at the apex. 

Distribution. This variety ranges from western Kern 
County, Santa Barbara County, and the Channel Islands, Cali- 
fornia, to northern Baja California (fig. 2, B). 

Representative specimens examined. CALIFORNIA. Santa 
Barbara County: Santa Rosa Island, Youngberg in 1938 (POM) ; 
Pelican Bay, Santa Cruz Island, Clokey 4829 (UC); Santa 


1According to I. M. Johnston (Jour. Arn. Arb. 24: 237. 1943) volume 
two was issued in late April or May, 1859. 
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Barbara, Carlson in 1918 (CAS). Kern County: mesas near 
Bakersfield, Osborn in 1930 (LAM). Ventura County: Sulfur 
Mountain, Epling & Anderson in 1931 (LA); Saticoy, Eastwood 
5059 (CAS); Happy Camp Canyon, Piru quadrangle, Gifford 
109 (VTM). Los Angeles County: Puente Hills near Pomona, 
Ingram 104 (IN, LAS); Santa Catalina Island, K. Brandegee 
in 1916 (UC); Mandeville Canyon, Clokey & Templeton 4543 
(UC); Pico Canyon Johnstone in 1931 (LAS); near University 
of California, Wheeler 672 (LA); Franks Canyon north of Bev- 
erly Hills, Templeton 1069 (LAM). San Bernardino County: 
Mt. Horne, San Bernardino Mountains, Lemmon in 1888 (UC); 
Mohave River, Parry & Lemmon 392 (UC); Seven Oaks, Da- 
vidson 2243 (LAM); Mentone, Lewis in 1936 (LA). Riverside 
County: near Highgrove, Edge in 1934 (LAS). Orange County: 
Laguna Beach, Johnson 4419 (LA); north of Orange, Johnson 
4023 (LA); San Juan Canyon, Cooper 1343 (LA). San Diego 
County: Palomar Mountain, Cooper 1477 (LA); mesas, Moun- 
tain Springs Grade, Orcutt 155 (UC); Black Canyon, Otay 
Ranch, Gander 7476 (UC); Rancho Santa Fe, Gander 8307 
(UC) Cuyamaca Lake, Higgins 3158 (UC); Escondido, Meyer 
742 (UC). Basa Cauirornia. Aliso, T. S. Brandegee in 1893 
(UC). 

The perianth-segments are nearly always striped by two 
dark parallel lines. The width and darkness of the lines vary, 
and they are absent in some flowers. The color of the anthers 
ranges from green to blue-green and even purple. 


2b. BLOOMERIA CROCEA var. aurea (Kell.) comb. nov. 

Bloomeria aurea Kell., Proc. Calif. Acad. 2:11. July, 1859; 
Hesperian 3:437. December, 1859. Type locality: New Idria, 
California. Inasmuch as no type specimen is known to exist 
(J. T. Howell, written communication, 18 January 1951), the 
interpretation of this species is based on Kellogg’s description 
and the diagram in Hesperian. Nothoscordum aureum Hook. f., 
Bot. Mag. 27: pl. 5896. 1871. 

Flowers 5 to 50; perianth-segments yellow, 11-12 mm. long; 
cusps of the filament appendages linear, 1-1.5 mm. long. 

Distribution. This variety occurs in the Coast Ranges from 
San Benito County to northern Santa Barbara County, Cali- 
fornia (fig. 1, B). 

Material examined. San Benito County: Pacheco Pass, near 
Camp 77, Brewer 1291 (CAS, UC); Pinnacles, Epling 8415 
(LA); Pinnacles, Rodder in 1926 (CAS). Monterey County: 
Mustang Grade, Eastwood & Howell 5807 (CAS). Fresno 
County: San Lucas Road in Alcalde Canyon, 7.5 miles west of 
Coalinga, Ferris & Bacigalupi 10355 (CAS, UC). San Luis 
Obispo County: Cholame, Eastwood 13895 (CAS); near Morro, 
Barber in 1899 (UC) ; Paso Robles, Dudley in 1927 (CAS) ; Free- 
man Canyon, Paso Robles quadrangle, Lee 949 (VTM); % mile 
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A B C D 


Fic. 2. Diagrams of the stamens of Bloomeria (ca. x 5). A, B. crocea 
var. crocea; B, B. crocea var. aurea; C, B. crocea var. montana; D, B. 
Clevelandii. 


south of Canmatti Ranch, Pozo quadrangle, Hendrix 219 
(VTM). Santa Barbara County: Suey Creek, near Santa Maria, 
Eastwood 385 (CAS). 

Variety aurea differs from variety crocea in its filament 
appendages. A drawing in Hesperian on p. 488 clarifies what 
Kellogg described as appendages resembling “awned achenia of 
many composites” in var. aurea. Torrey described the filaments 
of B. crocea var. crocea as “filiform, with an oblong, adnate 
tooth on each side of the base.” Diagrams of the stamens (fig. 2) 
showing the relationships between the varieties of B. crocea 
clarify the statements of Kellogg and Torrey. 


2c. BLOOMERIA CROCEA var. montana (Greene) comb. nov. 

Bloomeria montana Greene, Bull. Calif. Acad. 1:281. 1885. 
Type: mountains of Kern County, California, near Tehachapi 
in 1884, Curran (CAS 127!; isotype, UC!). The type is repre- 
sentative of the species. 

Perianth-segments yellow, 11-13 mm. long; cusps of the 
filament appendages 3-3.5 mm. long, attenuate, about half as 
long as the filaments. 

Distribution. This variety is found in the Tehachapi Moun- 
tains and in the southern Coast Ranges, California (fig. 1, B). 
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Material examined. Kern County: north of Tehachapi, 
Ingram & Dressler 913 (IN, D); near Tehachapi, Davidson 1904 
(LAM). Santa Barbara County: head of Santa Agueda Creek, 
Lompoc quadrangle, Axelrod 494 (VTM); trail to Manzana 
Creek, Zaca Lake Forest Reserve, Eastwood 616 (CAS). Ven- 
tura County: Mt. Pinos, Hart 21 (CAS); Lockwood Valley, 
Mt. Pinos, Hall 6443 (CAS). Los Angeles County: Ridge Route, 
Winblad in 1937 (CAS). 


MuILLA S. Wats. Proc: Am. Acad. 14:235. 1879. 


Stem scapose, arising from a fibrous-coated corm; leaves 
basal, usually few, subterete to terete. Flowers several, white 
or greenish-white, in an umbel subtended by several scarious 
bracts. Pedicels not jointed at the summit, subtended by several 
membranous bracteoles. Perianth of 6 parts, subrotate at anthe- 
Sis, distinct almost to the base with a dark 2 or 3-nerved mid- 
‘vein. Stamens 6, fertile, inserted at the base of the perianth- 
segments; filaments filiform or petaloid; anthers versatile. Style 
clavate, persistent, and at length splitting with the globose, 
slightly lobed, loculicidal capsule. Seeds 1 to several per locule, 
compressed, angled and black. (Anagram of Allium.) Type 
species: Muilla maritima. 


KeryY TO SPECIES OF MUILLA 
Filaments petaloid. 0.05 300s teeth ee ee ee 1. M. coronata. 
ee not petaloid; filiform above, dilated, free or united at the 
ase. 

Flowers white, filaments dilated, united basally to form a shallow 

cup around the ovary. 2c. 2a ee eo: 2. M. transmontana. 

Flowers greenish-white, filaments dilated, not united basally 

' 3. M. maritima. 

1. MuILLta coronata Greene, Pittonia 1:165. 1888. Type: 
Lancaster, Mohave Desert, California, late in March, 1888. Parry 
(ND not seen; photograph IN!, LAS!). The interpretation of 
the species is based on the description and the photograph of 
the specimen labeled “M. coronata Greene, Pitt. 1:165” (in 
Greene’s hand fide Dr. Albert Delisle). The label reads “April” 
instead of “late in March,” but this specimen is presumably 
the type as it is the only Parry collection of this species in the 
Herbarium Greeneanum. 

Scape 8.5-15 cm. long; leaves 2 or 3, subterete, about twice 
as long as the scape; pedicels 3 to 8, 5-14 mm. long; perianth 
greenish-white with very wide, green midveins; filaments peta- 
loid, their margins overlapping but not joined, retuse at the 
summit; anthers yellow, attached by the middle at the notch. 

Distribution. Muilla coronata is found only on the Mohave 
Desert, California (fig. 1, A), and is not common. 

Material examined. Inyo County: 1 mile west of Independ- 
ence, Kern 488 (CAS). Kern County: Iron Canyon, El Paso Mt., 
north rim of Mohave Desert, Weston in 1926 (CAS). “Mohave 
Desert,” Sherwood in 1932 (LAS). 
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This species is easily distinguished by its unique petaloid 
filaments. 

2. MUILLA TRANSMONTANA Greene, Pittonia 1:73. 1887. Type: 
Reno, Nevada, Amy Pease. | This specimen has not been located. | 
The interpretation of the species has been based on geographic 
location, the description by Greene, and on a photograph of a 
specimen labeled “M. transmontana, Pittonia 1:73” in Greene’s 
hand. This specimen was collected at Reno, Nevada, May 1888, 
by C. F. Sonne and is located in the Herbarium Greeneanum 
at the University of Notre Dame. In a letter of April 22, 1951, 
Dr. Albert Delisle states that the handwriting on this specimen 
is Greene’s. 

Seape 10.5-50 cm. long (average 21), usually fusiform- 
enlarged at the ground; leaves 3 to 5, as long or longer than 
the scape; pedicels 10 to 25 (average 15), 2 cm. long; perianth- 
segments white, 6-8 mm. long, 2 mm. wide, 2-nerved; filaments 
ca. 3 mm. long, widely dilated at the base, united at their bases 
forming a cup around the ovary; anthers 1.5-2 mm. long, yellow. 

Distribution. This species is found in western Nevada and 
in the adjoining counties of California (fig. 1, A). 

Material examined. CaLirorniA. Lassen County: south of 
Janesville, Ripley & Barneby 5953 (CAS). Alpine County: 
Hope Valley, Eastwood & Howell 8477 (CAS, POM). Sierra 
County: about 34% miles east of Loyalton, Stebbins & Jenkins 
2131 (UC). Mono County: Twin Lake Road, 11:5 miles west of 
Bridgeport, Cantelow in 1941 (CAS). Nevapa. Ormsby County: 
King’s Canyon, C. F. Baker 933 (POM); Carson City, M.. ‘E. 
Jones in 1897 (POM). Washoe County: 8 miles north of Reno 
along road to Pyramid Lake, Mathias 1218 (UC) 7 miles north- 
west of Poeville, Tillotson 83 (VTM); Verdi, Sonne in 1889 
(UC). 

Muilla transmontana differs from M. maritima in having 
filaments which are much wider, and basally united to form 
a shallow basal cup around the ovary. The perianth-segments 
are not quite distinct to the base, but form a short tube. The 
fusiform enlargement of the scape is not evident in all of the 
dry specimens. 


3. MumLLta MaARITIMA (Torr.) S. Wats., Proc. Am. Acad. 
14: 235. 1879. 

Hesperoscordium? maritimum Torr. in Whipple, Rep. Expl. 
& Surv. Miss R. to Pacific Ocean 4 (5) : 148. 1857". Type: seashore, 
Punta de los Reyes, California, Bigelow (NY!). This is an 
average specimen. Alliwm maritumum Benth., Pl. Hartw. 339. 
1857. Milla maritima S. Wats. in King, U.S. Geol. Expl. 40th 
Par. 5:354. 1871. Bloomeria maritima Macbride, Contr. Gray 
Herb. ser. 2, 56:8. 1918. 


2Date according to I. M. Johnston (Jour. Arn. Arb. 24:242. 1943). 
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Muilla serotina Greene, Erythea 1:152. 1893. Type: near 
Los Angeles, California, Davidson 2052 (UC 119707!). Bloom- 
eria maritima var. serotina Macbride, Contr. Gray Herb. ser. 2, 
56:8. 1918. 

Muilla tenuis Congdon, Zoe 5:35. 1901. Type: Raymond, 
Madera County, California, Congdon in 1900 (UC 119714!). 

Scape 8-38 cm. long; leaves 3 to 10, almost terete, retrorsely 
scabrous, shorter or longer than the scape; pedicels 1.5-5 cm. 
long, unequal; flowers 5 to 35 per umbel; perianth-segments 
3-5 mm. long, 1.5-2.5 mm. wide; filaments filiform, 1.5-2.5 mm. 
long, their bases dilated, not united; anthers 1-2 mm. long. 

Distribution. Muilla maritima occurs in the mountains and 
lowlands from Glenn County, California, southward to north- 
ern Baja California (fig. 1, A). 

Material examined: CALIFORNIA. Glenn County: 4 miles 
south of Willows, Heller 15363 (UC); Norman, Hoover 3234 
(UC). Colusa County: about 20 miles north of Williams, Meyer 
1346 (UC). Lake County: near Calistoga Geyser, Baker 3565b 
(UC). Napa County: Myrtledale Hot Springs near Calistoga, 
Howell 1760 (CAS); Geysers south of Calistoga, Keck 1096 
(POM). Sonoma County: opposite Myrtledale Geyser, 1% 
miles north of Calistoga, Bacigalupi 1252 (POM). Marin 
County: Pt. Reyes Peninsula, Howell 21756 (CAS). Solano 
County: Little Oak Ranch, Jepson in 1885 (UC). Contra Costa 
County: Stege, Davy 6527 (UC); Byron Springs, Eastwood 
3788 (CAS). San Joaquin County: Castle Rock, Corral Hollow, 
Constance & Beetle 2526 (CAS, POM, UC). Alameda County: 
Livermore Valley, Howell 13740 (CAS). San Francisco County: 
Twin Peaks, Hoover 2813 (UC); San Francisco, Greene in 1888 
(UC). San Mateo County: Crystal Springs Lake, Baker 423 
(POM, UC). Santa Clara County: 4 miles east of Monument 
Peak, Wilson 569 (UC); San Martin, Chandler 863 (UC). Stanis- 
laus County: Carpenter Road near San Joaquin River, Hoover 
4331 (UC). Merced County: near Le Grand, Hoover 731 (UC); 
2.9 miles southwest of Merced, Hoover 812 (UC). Madera 
County: Raymond, Eastwood 12578 (CAS). Monterey County: 
Del Monte, Elmer 3550 (CAS, POM, UC); Bardino, Elmer 4601 
(CAS, POM, UC). San Luis Obispo County: Nipomo Mesa, 
Eastwood & Howell 3886A (CAS); Pismo Creek, 3 miles from 
Pismo, Munz 9259 (POM, UC). Kern County: Maricopa Grade, 
Eastwood & Howell 4050 (CAS); between Lost Hills and Semi- 
tropic, Hoover 1805 (UC). Santa Barbara County: 5 miles west 
of Buellton, Munz 10305 (POM, UC). Ventura County: Mt. 
Pinos, Munz 7038 (POM). Los Angeles County: Pasadena, 
Grant 803 (CAS, POM, UC); San Dimas Canyon, Clokey & 
Anderson 5859 (UC); Claremont, Baker 4759 (CAS, POM); 
2% miles south southeast of Neenach, Gifford 206 (VTM); San 
Gabriel Canyon, Eastwood 8968 (CAS); 4 miles west of Vin- 
cent, Dressler 710 (D). San Bernardino County: San Antonio 
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Canyon, San Gabriel Mountains, Ingram 105 (LAS); 8 miles 
east of Victorville, Jaeger in 1932 (POM); Waterman Canyon, 
San Bernardino Mountains, Parish 11412 (UC). Riverside 
County: 7 miles east of Hemet, Dressler 816 (D); 2 miles south 
of Lake Elsinore, Peirson 2942 (POM, UC); Hemet Valley, San 
Jacinto Mountains, Munz & Johnston 5535 (POM). Orange 
County: Capistrano, Abrams 3263 (POM). San Diego County: 
24 miles northwest of Carrizo, Dressler 540 (D); mesas, East 
San Diego, Ingram 103 (IN, LAS); San Felipe, T. S. Brandegee 
in 1894 (UC); San Diego, Brandegee 3382 (POM, UC); Escon- 
dido, Meyer 113 (UC). Baga Catirornia. Near San Antonio 
del Mar, Wiggins 4540 (POM). _ 

The color of the anthers in M. maritima varies from blue to 
blue-green, green and even purple. This species has a very 
diverse habit. Over most of its range the plants are typically 
small, but southward in Los Angeles and San Bernardino coun- 
ties they become considerably larger. In most floras, the smaller 
phase has been known as M. maritima, the larger as M. serotina. 
Most keys separate them by stating that M. serotina differs from 
M. maritima in having “pit-like glands” present on its inner 
perianth-segments, and anthers that measure not over 0.75 mm. 
I have not been able to locate glands on any of the plants. The 
only difference I can find is difference in size. Both phases may 
have as many as two or three scapes per plant, but the southern 
phase is much larger, has few leaves and more flowers. I find 
no way of distinguishing these plants as separate species, nor 
any basis for designating the southern phase as a variety of 
M. maritima. Muilla tenuis, another phase found in Madera and 
San Diego counties differs from the typical in its slender habit. 


DOUBTFUL SPECIES 
BLOOMERIA GRACILIS Borzi, Boll. Ort. Palermo 1:19. 1897. 
There is no statement as to the type locality for this plant. 
Being later, it cannot replace any of the specific names here 
maintained. From the description given by Borzi, it appears 
that it is a small plant of B. crocea var. crocea. 


EXCLUDED SPECIES 

Brodiaea Purpusii (T. S. Brandegee) comb. nov. 

Muilla Purpusii T. S. Brandegee, Univ. Calif. Publ. Bot. 
4:177. 1911. Type: Sierra de la Paila, Coahuila, Mexico, Purpus 
4959 (UC 148555!; isotypes, GH!, US!). Bloomeria Purpusii 
Macbride, Contr. Gray Herb. ser. 2, 56:8. 1918. 

This taxon cannot be a Muilla as it has jointed pedicels. 
It cannot be a Bloomeria as it has its perianth-segments joined 
in a short tube. The nonstipitate ovary is similar to that found 
in Brodiaea. On these bases, I am placing this entity in the 
genus Brodiaea. 

Distribution. Known only from the type collection. 


Department of Botany, 
University of Southern California, Los Angeles. 
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VARIATION IN SEEDLINGS OF CUPRESSUS 
ABRAMSIANA WOLF 


CALVIN McMILLAN 


At the time of publication of the data concerning a third 
locality for Cupressus Abramsiana Wolf, comparative germina- 
tion studies were being conducted on seeds collected in the 
three naturally occurring populations of this species (McMillan, 
Madrono 11:188-194. 1952). The rate of germination and the 
seedling characteristics had been ascertained for other members 
of the species-complex to which C. Abramsiana is closely 
related, and it seemed unlikely that any significant variations 
would be discernible in C. Abramsiana. In an earlier study, 
it was noted that seeds of C. Abramsiana from the Bonny Doon 
population (southernmost of the three populations in the Santa 
Cruz Mountains) showed a similarity to those of C. Goveniana 
Gord. in rate of germination and in seedling characteristics, 
while seeds from the Eagle Rock population (seven miles to 
the north) yielded few seedlings. Little significance was 
attached to this small yield at that time, however, as it was 
assumed to have been caused by faulty procedure. No dupli- 
cations of the planting had been made. 

In the present studies for the purpose of comparing germi- 
nation behavior, one hundred seeds of each population of C. 
Abramsiana (this time including the northernmost population 
on Butano Ridge in San Mateo County, about eight miles north 
of Eagle Rock) were planted in each of two different soils as 
part of a soil-tolerance study. All seeds of C. Abramsiana used 
in the present studies were collected on September 1, 1951 
as a random sampling from representative portions of each of 
the three populations, and they were planted on September 29, 
1951. | 


The usual time required for germination in Cupressus is two 
weeks to one month. By October 15, 1951, no seeds of the Eagle 
Rock population had germinated, although 23 seedlings repre- 
senting the Butano Ridge population and 13 of the Bonny Doon 
population had appeared. Those from Butano Ridge were first 
to germinate. On January 11, 1952, nearly three and one-half 
months following planting, a final count was made and the 
seedlings were compared as to cotyledon number (Table 1). 

A striking differential of germination of seeds from the 
three populations of C. Abramsiana is shown in the present 
studies, although the rate of germination on two soils (a ser- 
pentine soil and a sandy soil) was approximately equal in the 
case of each population. Seeds from the Butano Ridge popula- 
tion had the highest germination rate (92.5 per cent); those 
from Eagle Rock had considerably the lowest (12.5 per cent); 
those from Bonny Doon were intermediate (56.5 per cent). 
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TABLE 1. DISTRIBUTION OF NUMBER OF COTYLEDONS 


Species, Strain and : 
Seed Lot Designation Number of Seedlings Total 


Number of Cotyledons 
Two Three Four Five 
Cupressus Abramsiana 


Butano Ridge (123), 0 15 125 45 185* 
San Mateo County 

Eagle Rock (125), ) 0 19 6 255 
Santa Cruz County . 

Bonny Doon (127), 0 56 56 1 li3* 


Santa Cruz County 


Cupressus Sargentit 
Mt. Tamalpais (39), 0 78 84 10 172 
Marin County 


Cupressus Goveniana 
Huckleberry Hill (29), 0 78 28 0 106 
Monterey County 


Cupressus pygmaea 


Mendocino City (1), 18 138 8 0 164 
Mendocino County 
Anchor Bay (17), 7 108 14 0 129 
Mendocino County 

Total 25 473 334 62 894 


*Seedlings of Cupressus Abramsiana resulted from germination 
of two hundred seeds which were planted for each population. Seed- 
lings of other species were the total available at time of study. 


Thus these later tests upheld the difference in germination rate 
that had been noted in the preliminary study. The cause of this 
low germination in the Eagle Rock population is not known, 
but in this regard it is interesting to note that C. Sargentii Jeps. 
and C. Goveniana, which have been hypothesized as possibly 
having hybridized in the past to produce C. Abramsiana, differ 
in their rate of germination. Owing to a dormancy factor, 
C. Sargentii has a very low rate of germination, usually 2-5 per 
cent, and the germination rate of C. Goveniana is usually 50-60 
percent: 

The variation in number of cotyledons among the three 
populations of C. Abramsiana is perhaps significant as an indi- 
cation that juvenile characteristics sometimes can be utilized 
in Cupressus in addition to characteristics which distinguish 
the mature trees. The high incidence of seedlings with four 
and five cotyledons in both the Eagle Rock and Butano Ridge 
material might be used to substantiate the similarity of mature 
trees from these two populations. The rare occurrence of seed- 
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lings with five cotyledons and the occurrence in equal numbers 
of seedlings with three and four cotyledons in the Bonny Doon 
material conceivably might be cited as an additional character 
which distinguishes trees at Bonny Doon from those of the 
Eagle Rock and the Butano Ridge populations. 

The inclusion, by some, of the populations of C. Abramsiana 
in C. Sargentii could be partially substantiated by the common 
occurrence of seedlings with five cotyledons. However, a postu- 
lated origin of C. Abramsiana by hybridization of C. Sargentii 
and C. Goveniana also finds confirmation in cotyledon number 
in addition to the variation in cone size, seed size, seed color 
and glaucousness and foliage color known to occur in the three 
taxa. In regard to cotyledon number it is of interest to note 
that two spatially isolated populations of C. pygmaea (Lemm.) 
Sarg., differing among other things in their habit of growth and 
seed color, are similar in range of cotyledon number (Table 1). 
Cupressus pygmaea yields frequent seedlings with two coty- 
ledons, differing in this respect from C. Goveniana, a species to 
which it is very closely related. 

The characteristic bluish gray-green color of the seedlings 
of C. Sargentii is due to a heavy glaucousness which can easily 
be wiped off the juvenile leaves. Although the seedlings of 
C. Abramsiana are grayish-green in color, the presence of glau- 
cousness is less evident and more variable than in C. Sargentit. 
Of the three populations, the seedlings representing the Butano 
Ridge area are characteristically the most glaucous, being uni- 
formly so, those from Bonny Doon are least glaucous, and those 
from Eagle Rock are extremely variable in respect to glaucous- 
ness, some being not glaucous. In contrast, seedlings of C. 
Goveniana are not glaucous, being distinctly bright green. 

A conclusion which is reached from the foregoing data is 
that seedling characteristics and rate of germination do char- 
acterize the three populations of C. Abramsiana as a variable 
assemblage, which as now understood, could conceivably repre- 
sent the results of hybridization. In no other Californian species 
of Cupressus does the known range of variability over such. 
a limited area equal that found in the case of C. Abramsiana. 


Department of Botany, 
University of California, Berkeley. 
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DOCUMENTED CHROMOSOME NUMBERS OF PLANTS 
(See Madrono 9: 257-258. 1948.) 


SPECIES NUMBER | COUNTED BY | COLLECTION! | LOCALITY 
MALVACEAE | 
Abutilon 2n=16 |E. McClintock, McClintock | Cultivated at 
megapotamicum Calif. Acad. 6 May 1949 | La Rochette 
St. Hil. & Naud. Sci. San Fran- CAS 360270 Nursery, San 
cisco. | Francisco, 
| | California 
Corynabutilon | | 
vitifolium (Cav.) | 2n=16 EE. McClintock, McClintock | Cultivated at 
Kearney Calif. Acad. 4 May 1950 | La Rochette 
|Sci. San Fran- CAS 350398 | Nursery, San 
cisco. | Francisco, 
| | California 
LENNOACEAE | 
Pholisma |S. Carlquist, Carlquwist Oceano, San 
*naniculatum n=18 | Univ. Calif, |259 UC Luis Obispo 
Templeton Berkeley | Co., 
| California 
SOLANACEAE | | 
Solanum n=12 C.B.Heiser Heiser Monroe Co., 
carolinense L. | Jr. Ind. Univ. | 3000 IND | Indiana 
“Bloomington | | 
SCROPHULARIACEAE | 
Mimulus ghee fi S. Carlquist, Carlquist Barstow, San 
*mohavensis Lem. \Univ. Calif. (300 UC-J | Bernardino 
Berkeley Coz 
California 
PLANTAGINACEAE | | 
Plantago n=—41141v |C. B. Heiser | Heiser Monroe Co., 
Rugellit Dene. to 81121v | Jr. Ind. Univ. | 3004 IND Indiana 
'Bloomington | ; 


*Prepared slide available. 
1Symbols used for herbaria are those listed by Lanjouw and Stafleu, 
Index Herbariorum, part 1, 1952. 


NOTES AND NEWS 


A GIANT BRACKET FUNGUS FROM SOUTHEASTERN ALASKA. The 
mountains of Kuiu Island off southeastern Alaska are largely 
covered with dense virgin forests of Sitka spruce and western 
hemlock. As most of the trees in this forest have nearly reached 
maturity, there is a great deal of dead timber on which the 
bracket fungus, Fomes applanatus (Pers.) Wallr., appears 
ubiquitous. 

During my four seasons at Washington Bay, Kuiu Island, 
working in the herring reduction plant of Storfold and Gron- 
dahl Packing Company, I have, as an ardent botanical collector, 
continued to scour the area for plants. On July 8, 1951, while 
Hugo L. Holbach and I were searching for lichens and bryo- 


32 MADRONO [Vol. 12 


phytes in the dense virgin forest of the mountain rising behind 
Washington Bay, we suddenly came upon a bracket fungus 
of great size and of peculiar shape. It was growing on a dead 
hemlock tree and was near enough to the ground so that we 
were able to twist it off with our hands. The following Sunday, 
July 15, with four enthusiastic assistants helping carry the 
bracket on a stretcher improvised from hemlock poles, we were 
able to bring it into headquarters where photographs and meas- 
urements were made. 


Length 3 feet 7.5 inches 
Circumference 10 feet 2.5 inches 
Width 2 feet 5.5 inches 
Height 2 feet 7.5 inches 
Live weight 115 pounds 


This species is noted for its large sporophores. Bessey (Mor- 
phology and Taxonomy of Fungi, 1950) reports one up to thirty 
inches in diameter, a much smaller bracket than the one 
described herein. WALTER J. EYERDAM, Seattle, Washington. 


BECKMANNIA SYZIGACHNE (STEUD.) FERNALD. NEW RECORD FOR 
Arizona. In 1951, three clumps of Beckmannia syzigachne 
(Steud.) Fernald (American sloughgrass) were found above 
the Glyceria zone at an elevation of 8,400 feet, near the edge of 
a man-made lake (Greenland Lake), Walhalla Plateau, on the 
North Rim of the Grand Canyon of the Colorado River in 
Coconino County, Arizona. Since these plants appeared to con- 
stitute a new record for the state, the strongest clump was left, 
and seed was scattered in the immediate vicinity. From the 
remaining clumps, specimens were prepared and distributed 
to the following herbaria: California Academy of Sciences; 
Grand Canyon National Park; United States National Her- 
barium; and the University of Arizona. The limestone rock that — 
caps the various plateaus on the North Rim contains many 
springs and small sinks with ponds of fresh water that appear 
to offer suitable habitats for this species, but no more plants 
could be found. JoHN MERKLE, Agricultural and Mechanical 
College of Texas, College Station, Texas. 


INFORMATION FOR CONTRIBUTORS 


Manuscripts submitted for publication should not exceed 
20 pages when printed or contain more than 20 per cent 
illustrative material, including tabular matter, unless the 
author agree to bear the additional cost. Likewise, the addi- 
tional cost of half-tones which require reproduction as 
inserts on coated paper will be chargeable to the author. 
Subject to the approval of the Editorial Board, manuscripts 
may be published ahead of schedule, as additional pages 
to the issue, provided the author assume the complete cost 
of publication. 


Shorter items, such as range extensions and similar notes, 
will be published in condensed form with a suitable title 
under the general heading, “Notes and News.” 


Institutional abbreviations in specimen citations should 
follow Lanjouw and Stafleu’s list (Index Herbariorum. Part 
1. The Herbaria of the World. Utrecht. 1952). 


Articles may be submitted to any member of the Edi- 
torial Board. 


Reprints may be obtained at the following rates: up to 
25 copies, $0.40 per page; up to 50 copies, $0.60 per page; 
up to 75 copies, $0.70 per page; up to 100 copies, $0.90 per 
page; up to 200 copies, $1.70 per page. Minimum order $5.00. 


In addition, reprint bills will include postage and blocking 
out charges. Reprints should be ordered at the time proofs 
are returned to the Editor. 


MADRONO 


A WEST AMERICAN JOURNAL OF 
BOTANY 


A quarterly journal devoted to important 
and stimulating articles dealing with all 
phases of botany. These volumes should be 
a part of every botanist’s library and 
should be made accessible to students of 
all universities and colleges. 


Volume I, 1916-1929 . . . $5.00 
Volume IT, 1930-1934 . . . 5.00 
Volume III, 1935-1986. . . 5.00 
Volume IV, 1937-1938. . . 5.00 
Volume V, 1939-1940... . 5.00 
Volume VI, 1941-1942. . . 5.00 
Volume VII, 1943-1944 . . 5.00 
Volume VIII, 1945-1946 . . 5.00 
Volume IX, 1947-1948 . . 6.00 
Volume X, 1949-1950 . . . ~ 7.00 
Volume 29. 1951-1952, .°: 31.0." e:00 

Single numbers, 

Volumes'\1. and’ 2.3027)... 0:50 


Succeeding numbers 
(except Volume 11, No. 2) 1.00 
Volume vil Nos2) woe. oi BG 


The subscription price of Madrono is $4.00 
per year. We solicit your patronage. 


Address all orders to: 


Richard W. Holm, Business Manager 
Natural History Museum 
Stanford University, Stanford, California 


VOLUME XII NUMBER 2 


MADRONO 


A WEST AMERICAN JOURNAL OF 
BOTANY 


Contents 


NEw SPECIES AND CHANGES IN NOMENCLATURE IN THE GENUS 
CLARKIA (ONAGRACEA), Harlan Lewis and Margaret Lewis 


Rewtict ISLANDS OF XERIC FLORA WEST OF THE CASCADE 
MOUNTAINS IN OREGON, LeRoy E. Detling 


BALSAMORHIZA TEREBINTHACEA AND OTHER HYBRID BALSAM- 
ROOTS, William A. Weber 


THE RELATIONSHIP BETWEEN QUERCUS DUMOSA AND QUERCUS 
TURBINELLA, John M. Tucker 


A CORRECTION IN THE STATUS OF VIOLA MACLOSKEYI, 
LG TRIB VES Wd 8101] Co sae NT ee OOPS EEL is OC URC Re OO De 60 


REvIEwsS: G. Erdtman, Pollen Morphology and Plant Taxonomy 
(Herbert L. Mason); Warren H. Wagner, Jr., The Fern Genus 
Diellia: Its Structure, Affinities and Taxonomy (E. B. Cope- 
land); P. D. Strausbaugh and Earl L. Core, Flora of West 
Virginia (C. Ritchie Bell); Sir Edward Salisbury, Downs 
and Dunes (Herbert L. Mason) 


April, 1953 


MADRONO . 


A WEST AMERICAN JOURNAL OF BOTANY 


Board of Editors 


HERBERT L. Mason, University of California, Berkeley, Chairman. 
EpGAR ANDERSON, Missouri Botanical Garden, St. Louis. 
LyMAN BENSON, Pomona College, Claremont, California. 
HERBERT F'. COPELAND, Sacramento College, Sacramento, California. 


Joun F. Davipson, Department of Botany, University of Nebraska, 
Lincoln. 


Ivan M. Jounston, Arnold Arboretum, Jamaica Plain, Massachusetts. 


Mivprep FE. Maturas, Department of Botany, University of California, 
Los Angeles 24. 


Marion OWNBEY, State College of Washington, Pullman. 
Ira L. Wiccins, Natural History Museum, Stanford University, Stan- 
ford, California. 
Secretary, Editorial Board—ANNETTA CARTER 
Department of Botany, University of California, Berkeley 


Business Manager and Treasurer—RicHarpD W. HoLm 
440 South llth Street, Lincoln, Nebraska 
or 


Natural History Museum, Stanford University, Stanford, California. | 


Assistant Business Manager—JoHN F. DavIDSON 
Department of Botany, University of Nebraska, Lincoln, Nebraska. 


Re-entered as second-class matter February 19, 1952, at the post 
office at Lincoln, Nebraska, under the act of March 3, 1879. 


Established 1916. Published quarterly. Subscription price $4.00 per 
year. Completed volumes I to VIII, $5.00 each; volume IX, $6.00; 
volume X, $7.00; Volume XI, $8.00; single numbers, see back cover. 


Published at 440 South 11th Street, Lincoln, Nebraska 
for the 


CALIFORNIA BOTANICAL SOCIETY, INC. 


President: William C. Steere, Stanford University, Stanford, Cali- 
fornia. First Vice-President: Charles J. Kraebel, California Forest and 
Range Experiment Station, Berkeley, California. Second Vice-president: 
Louis L. Edmunds, Danville, California. Recording Secretary: Mary L. 
Bowerman, Department of Botany, University of California, Berkeley, 
California. Corresponding Secretary: G. Thomas Robbins, Department 
of Botany, University of California, Berkeley, California. Treasurer: 
Richard W. Holm, Natural History Museum, Stanford University, Stan- 
ford, California. 

Annual membership dues of the California Botanical Society are 
$4.00, which includes a year’s subscription to Madrofo. For two mem- 
bers of the same family the dues are $5.00, which includes one copy 
of Madrono, and all other privileges for both. Dues should be remitted 
to the Treasurer. General correspondence, changes of address, and 
applications for membership should be addressed to the Secretary. 


1953] } LEWIS AND LEWIS: CLARKIA 33 


NEW SPECIES AND CHANGES IN NOMENCLATURE IN 
THE GENUS CLARKIA (ONAGRACEAE) 


HARLAN LEWIS AND MARGARET LEWIS 


The genus Clarkia has recently been the subject of extensive 
morphological and cytogenetical studies which indicate that 
Clarkia, Godetia, Phaeostoma, and Eucharidium form a natural 
interrelated group that should be treated taxonomically as a 
single genus. This is not a new idea. Clarkia, Phaeostoma and 
Eucharidium have been considered congeneric by most recent 
authors (e.g., Munz & Hitchcock, 1929; Jepson, 1936). Nelson 
and Macbride (1916) suggested that Godetia should be com- 
bined with Clarkia because they could find no consistent differ- 
entiating characters. They subsequently (1918) made most of 
the appropriate transfers. More recently Hiorth (1941) has 
examined the morphological characters that have been used 
to differentiate Clarkia and Godetia and has concluded that the 
entire group can be treated reasonably only asa single genus, 
but he did not adopt the generic name Clarkia for the species 
with which he worked. 

We are now preparing a monograph of Clarkia which will 
present a detailed account of the relationships within the genus. 
In the meantime it seems desirable to publish formally certain 
new species and combinations in order that they may be used 
for other discussions. 

Type specimens, permanent slides, and herbarium vouchers 
of collections for which chromosome numbers are given are 
on file at the University of California, Los Angeles. 


CHANGES IN NOMENCLATURE 


Clarkia bottae comb. nov. Godetia bottae Spach, Nouv. Ann. 
Mus. Par. 4:393. 1835. 

Clarkia cyclindrica comb. nov. Godetia bottae var. cylindrica 
Jepson, Univ. Calif. Publ. Bot. 2:332. 1907. 

Clarkia davyi comb. nov. Godetia quadrivulnera var. Davyi 
Jepson, op. cit. p. 341. 

Ciarkia deflexa comb. nov. Godetia deflexa Jepson, op. cit. 
D, oo2. 

CLARKIA GRACILIS (Piper) Nels. & Macbr. subsp. albicaulis 
comb. nov. Godetia amoena var. albicaulis Jepson, op. cit. p. 329. 


CLARKIA GRACILIS (Piper) Nels. & Macbr. subsp. sonomensis 
comb. nov. Godetia amoena var. sonomensis Hitchcock, Bot. 
Gaz. 89:338. 1930. 


Clarkia lassenensis comb. nov. Godetia lassenensis Eastwood, 
Leafl. West. Bot. 2:281. 1940. 


Maprono, Vol. 12, No. 1, pp. 1-32. February 4, 1953. 


34 MADRONO PVolser2 


Clarkia mildrediae comb. nov. Phaeostoma mildredae Heller, 
Leafl. West. Bot. 2:221. 1940. 

Clarkia rubicunda comb. nov. Godetia rubicunda Lindley, 
Bot. Reg. t. 1856. 1836. 

Clarkia speciosa nom. nov. Godetia parviflora (H. & A.) 
Jepson, op. cit. p. 339, based upon the type of Oenothera viminea 
var. parviflora H. & A. Bot. Beech. Voy. 342. 1840. Not Clarkia 
parviflora Eastwood, Bull. Torrey Bot. Club 30:492. 1903. 


Clarkia tenella comb. nov. Oenothera tenella Cav. Ic. 4:66, 
t. 396. 1797. 

Clarkia williamsonii comb. nov. Godetia williamsoni Durand 
& Hilgard, Pac: R. Rep. 5 (38):7, t. 5. 1855. 


NEw SPECIES 


Clarkia affinis sp. nov. Herba erecta altitudine ad 8 dm; 
caulibus simplicibus vel superne ramosis; foliis linearibus vel 
angusto-lanceolatis, integris, 1.5-7 cm. longis, 2-3 mm. latis; 
inflorescentium axe erecto; calycis tubo 1.5-4 mm. longo et 
annulo pilorum ad medium vel infra, posito, limbo 5-10 (14) 
mm. longo, 1.5-2 mm. lato sub anthesi connato et de- 
clinato; petalis obovatis 5-15 mm. longis pallido-roseis vel 
roseo-purpureis et frequens ad basim pallidioribus purpureo- 
punctulatis; staminibus 8, plerumque stigmate adhaerentibus; 
stigmate quadrifido, lobis brevibus; stylo stamina aequante; 
Ovario gracile cinereo-pubescente 1.2-5 cm. longo, 8-canalicu- 
lato; capsula 1.5-3 cm. longa, 2 mm. lata. 

An erect herb, as much as 8 dm. tall, simple or branched 
above; stems slender, puberulent above with short upwardly 
curled hairs, sparsely puberulent or glabrate below; leaves 
linear to narrowly lanceolate, entire, puberulent, 1.5-7 cm. 
long, 2-5 mm. broad, sessile or narrowed into petioles as much 
as 3 mm. long; rachis of the inflorescence erect; buds erect; 
hypanthium obconical, puberulent with appressed hairs, 1.5—-4 
mm. long, the ring of hairs at or below the middle; sepals 
lanceolate, often attenuate at the tip, 5-10 (rarely 14) mm. long, 
1.5-2 mm. broad, appressed puberulent, usually remaining 
united and deflexed to one side in anthesis; petals obovate, 
subentire to erose, 5-15 mm. long, pale pink to lavender-pink, 
sometimes dark reddish-purple, usually lighter near the base, 
often flecked or pencilled with purple; stamens 8, in two series, 
white to yellow, sometimes purple spotted, usually adhering 
to the stigma and depositing the cream or whitish pollen upon 
it as the flower opens; stigma lavender to purple with 4 short 
lobes; style shorter than the stamens; ovary slender, densely 
gray puberulent with short upwardly appressed hairs, 1-2.5 cm. 
long, shallowly 8-grooved, sessile or sometimes on pedicels as 
much as 4 mm. long, gradually tapering into a short beak; cap- 
sules ae cm. long, about 2 mm. broad, straight or slightly 
curved. 
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Type. Santa Margarita to Pozo road, 9.8 miles east of the 
junction with the road to Creston, San Luis Obispo County, 
California, May 2, 1947, Lewis and Epling 181. 

The haploid chromosome number is 26. The populations that 
have been determined include the type collection. 

Clarkia affinis (n = 26) is an allohexaploid species closely 
related to C. purpurea (Curtis) Nels. and Macbr. (n = 26). 
Cytological examination of the hybrid between them indicates 
that they probably havea tetraploid parent (n = 17) in com- 
mon, but that they each have a different diploid (n = 9) parent. 
Clarkia affinis and C. purpurea apparently hybridize occasion- 
ally in nature (Mt. Diablo) and the Fl hybrid produces a 
few seeds when open pollinated in the garden. The petals of 
C. affinis are often flecked; the sepals remain united and turned 
to one side at anthesis and the capsule is slender. The petals 
of C. purpurea, on the other hand, are not flecked; the sepals 
are individually reflexed at anthesis and the capsule is stocky. 

Distribution. California: South Coast Ranges from Ventura ~ 
County to Santa Clara, Alameda, and Contra Costa counties, 
and north of San Francisco Bay in Lake, Napa, Solano, and 
Yolo counties. 

Representative specimens. Alameda County: Corral Hollow 
road 18.0 miles west of junction with U.S. Highway 50 at Tracy, 
Lewis & Epling 198; lower part of Arroyo Mocho, Howell 18104. 
Contra Costa County: 3.7 miles ENE of Tassajero, Belshaw 
2114; north side of Mt. Diablo, Howell 6483. Monterey County: 
Pleyto road 2.0 miles south of the Bradley-Jolon road, Lewis & 
Epling 193; 2.5 miles north-northwest of Pleyto Well, Gra- 
ham 400. San Benito County: 5 miles from Panoche—Idria 
road near mouth of canyon of Griswold Creek, Wiggins & 
Ferris 9368; 6 miles east of Paicines, Howell 12969, 12970. San 
Luis Obispo County: 8.8 miles west of U.S. Highway 101 on the 
northern road to Adelaida, Lewis & Epling 189; roadside 2 miles 
east of Santa Margarita on State Highway 178, Ferris & Ross- 
back 9432. Santa Barbara County: summit of Nojoqui Pass, 
Santa Ynez Mts., Keck & Hiesey 5138. Santa Clara County: 
near Cupertino, Heller 8552; Uvas-Almaden road, Mason 6947. 
Solano County: near Vacaville, Jepson in 1891. Ventura 
County: Ojai Valley, Hall 3192. Yolo County: banks of Putah 
Creek near Winters, Heller & Brown 5584. 


Clarkia lingulata sp. nov. Herba erecta altitudine ad 6 dm.; 
foliis lineari-lanceolatis, denticulatis, 2-6 cm. longis, 2-8 mm. 
latis, basi in petiolos etiam 1.5 cm. longos angustatis; inflor- 
escentium axe apice recurvato; calycis tubo 1-4 mm. longo, 
annulo pilorum ad apicem posito, limbo 7-10 mm. longo, 1-1.5 
mm. lato, roseo-purpureo, sub anthesi connato et declinato; 
petalis lingulatis vel oblanceolatis pallido-rubris, 1-2 cm. longis, 
0-8 mm. latis; staminibus 8, quam stylus brevioribus; stigmate 
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quadrifido, lobis brevibus; ovario 8-costato; capsula quad- 
rangula 1-2 cm. longa, 1.5 mm. lata. | 

Erect, as much as 6 dm. tall; stems simple or branched above, 
puberulent above with short upwardly curled hairs, sparsely 
puberulent below; leaf blades linear to narrowly lanceolate, 
denticulate to entire, 2-6 cm. long, 2-8 mm. broad, glabrate to 
sparsely puberulent, narrowed into petioles as much as 1.5 cm. 
long; rachis of the inflorescence recurved in bud, becoming erect 
as the flowers open, the buds pendulous; hypanthium 1-4 mm. 
long, the ring of hairs in the upper third; sepals lanceolate, 
7-10 mm. long, 1-1.5 mm. broad, bright pink or purplish, re- 
maining united and deflexed to one side at anthesis; petals 
oblanceolate, obtuse, entire or minutely notched at the summit, 
1-2 cm. long, 5-8 mm. broad, bright pink, sometimes flecked 
with red; stamens 8, in two series, the outer blue with blue 
pollen, the inner shorter, white to cream with white to cream 
pollen; stigma white to reddish-purple with 4 short lobes; 
mature style exceeding the stamens, pinkish; ovary conspicu- 
ously 8-ribbed, puberulent, becoming bright green and shining, 
5-10 mm. long, sessile or on pedicels as much as 7 mm. long; 
mature capsules straight or nearly so, quadrangular, 1-2 cm. 
long, about 1.5 mm. broad. 

Type. Merced River 0.2 mile west of bridge over South Fork, 
Mariposa County, California, June 8, 1947, Lewis & Lewis 334. 

The haploid chromosome number is 9. Samples from both 
of the known populations, including the type collection, have 
been determined. 

Clarkia lingulata (n = 9) is most closely related to C. biloba 
(Dur.) Nels. & Macbr. (n = 8), from which it differs morpho- 
logically in the shape of the petal. These two species form 
essentially sterile hybrids when crossed in the garden. 

Distribution. Known from only two localities on State High- 
way 140 along the Merced River, Mariposa County, California— 
0.2 mile west of bridge over South Fork (the type locality), 
Lewis & Lewis 334; 625; Lewis, Lewis & Roberts 698, 801; be- 
tween 7.4 and 7.5 miles east of Bear Creek Bridge, Lewis & 
Lewis 629, Lewis, Lewis & Roberts 703, 796, 797. 


Clarkia prostrata sp. nov. Herba prostrata vel decumbens; 
caulibus etiam 5 dm. longis, simplicibus vel ramosis et divari- 
catis; foliis oblanceolatis vel elliptis, plerumque obtusis, 1-2.5 
cm. longis, 4-8 mm. latis, sessilibus; inflorescentium axe recto; 
calycis tubo 4-7 mm. longo, annulo pilorum infra medium 
posito, limbo 6-10 mm. longo, 2-3 mm. lato sub anthesi per 
paria recurvato; petalis obovatis interdum truncatis, 10-15 mm. 
longis, roseo-purpureis basi pallidioribus vel luteolis plerumque 
rubro-maculatis; staminibus 8; stylo stamina plus minusve ae- 
quante; stigmate quadrifido, lobis brevibus; capsula 8-costata, 
2-3 cm. longa, 2.5-3 mm. lata. 


1953] LEWIS AND LEWIS: CLARKIA 3 


Prostrate or decumbent, the stems as much as 5 dm. long, 
simple or divaricately branched, sparsely puberulent above 
with short upwardly curled hairs, sparsely puberulent to gla- 
brate below; leaf blades oblanceolate to elliptic, 1-2.5 cm. long, 
4-8 mm. broad, entire or nearly so, the apex usually obtuse, 
glabrate to sparsely puberulent, sessile or nearly so; rachis 
of the inflorescence straight, buds erect; hypanthium 4-7 mm. 
long, sometimes rosy on the outside, the ring of hairs in the 
lower third; sepals lanceolate, 6-8 mm. long, 2-3 mm. broad, 
puberulent, usually reflexed in pairs; petals fan-shaped to 
truncate-obovate, entire to erose or emarginate, 10-15 mm. 
long, lavender-pink shading to cream or pale yellow below, 
usually with a deltoid blotch of bright reddish-purple at the 
base of the lavender-pink; stamens 8; anthers cream; pollen 
cream; stigma 4-lobed, the lobes short; mature style equalling 
the shorter stamens; ovary puberulent, 10-18 mm. long, strongly 
8-ribbed, sessile or essentially so; mature capsules straight to 
somewhat curved, quadrangular, 2-3 cm. long, 2.5-3 mm. broad. 

Type. State Highway 1, 1.3 miles north of Pico Creek bridge, 
between San Simeon and Cambria, San Luis Obispo County, 
California, June 10, 1950, Lewis & Lewis 712. 

The haploid chromosome number is 26. The type collection 
has not been counted. The material examined cytologically was 
from seeds collected near Piedras Blancas Point, San Luis 
Obispo County, by Dr. R. F. Hoover (our accession number 
169). 

Clarkia prostrata (n = 26) isan allohexaploid species of the 
sea bluffs in San Luis Obispo and Monterey counties, and mor- 
phologically closely resembles C. davyi (Jepson) Lewis & Lewis 
(n = 17), a tetraploid species of the sea bluffs of San Mateo 
to Humboldt counties. It differs from C. davyi in having larger 
flowers and a reddish blotch of color in the middle or lower 
part of the petal. 

Distribution. California: sea bluffs of San Luis Obispo and 
Monterey counties and Santa Rosa Island, Santa Barbara 
County. 

Specimens examined. Monterey County: Monterey, Abbott 
in 1904, Guirado 638; Pacific Grove, Patterson & Wiltz in 1907. 
San Luis Obispo County: State Highway 1, 0.5 miles south of 
Carpojo Bridge, Lewis & Lewis 714; Piedras Blancas, Eastwood 
& Howell 5983; State Highway 1, 0.5 miles north of Piedras 
Blancas, Lewis & Lewis 713; 1 mile north of mouth of Pico 
Creek (2.5 miles southeast of San Simeon), Keck & Hiesey 
9150; San Simeon Bay near Cambria, Eastwood 15148; between 
Cambria and San Simeon, Eastwood & Howell 5973; Cambria, 
Winblad in 1937, Eastwood & Howell 5943, Lewis & Lewis 711; 
Morro Bay, Condit in 1911. Santa Barbara County: Santa Rosa 
Island, Water Canyon, Hoffman 692; Santa Rosa Island, Dunn 
in 1932, Youngberg in 1938, Hoffman in 1930. : 
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Clarkia imbricata sp. nov. Herba erecta altitudine ad 6 dm., 
foliis crebris, imbricatis, ascendentibus, lanceolatis, 2-2.5 cm. 
longis, 4-7 mm. latis, integris vel denticulatis, sessilibus vel a 
petiolis ad 2 mm. longis extenuatis; inflorescentis densis; calycis 
tubo 1-1.5 cm. longo, infundibuliformi, ad 10 mm. lato, annulo 
pilorum infra medium ornato, limbo 1-1.5 cm. longo, 3-5 mm. 
lato, sub anthesi per paria recurvato; petalis flabelliformibus 
2-2.5 cm. longis, roseo-purpureis apice purpureis cuneato- 
maculatisque; staminibus 8, quam stylus brevioribus; stigmate 
quadrifido, lobis 2 mm. longis purpureis; capsula immatura 
8-costata, 1-1.5 cm. longa, 4-5 mm. lata, ea matura 3 mm. lata. 

An erect herb, as much as 6 dm. tall, unbranched or with 
numerous short branches in the upper parts, sometimes with 
a few large branches from the base, densely leafy; leaves lan- 
ceolate, 2-2.5 cm. long, 4-7 mm. broad, entire to denticulate, 
ascending, overlapping, longer than the internodes, sessile or 
on petioles less than 2 mm. long; inflorescence congested; flow- 
ers showy; hypanthium conspicuous, 1-1.5 cm. long, funnelform, 
flaring above the ring of hairs, as much as 1 cm. broad, con- 
spicuously veined, the ring of hairs about 3 mm. above the 
base; sepals lanceolate, 1-1.5 cm. long, 3-5 mm. broad, remaining 
united in pairs or reflexed individually; petals fan-shaped, 
2—2.5 cm. long, lavender above, pale lavender to nearly white 
below, light purple at the base; with a conspicuous V-shaped 
purple spot which extends from the middle to the upper margin 
of the petals; stamens 8, in two similar series, lavender, the 
filaments of the outer series about twice the length of the inner; 
pollen white; stigma lobes 2 mm. long, dark purple, held above 
the stamens; immature capsule 1-1.5 cm. long, 4-5 mm. broad, 
conspicuously and deeply 8-ribbed; mature capsule ribbed, 3 
mm. broad, the beak short, less than 1 mm. long. 

Type. Roadside at 6230 Vine Hill Road between Santa Rosa 
and Guerneville, adjacent to Pitkin Ranch, Sonoma County, 
California, July 10, 1951, Lewis & Lewis 865. 

The haploid chromosome number is 8, determined from 
material from the type collection. 

Clarkia imbricata is morphologically similar to C. william- 
sonii (n = 9), C. speciosa (n = 9), and certain races of C. pur- 
purea (n= 26). Itcan be distinguished from them by the broad, 
overlapping, ascending leaves. 

Distribution. Known only from the type and the following 
collections, all from one small area in Sonoma County, Cali- 
fornia. Pitkin Ranch along path to marsh, M. S. Baker 11017; 
dry slope bordering Pitkin Marsh, Howell 12315. 
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RELICT ISLANDS OF XERIC FLORA WEST OF THE 
CASCADE MOUNTAINS IN OREGON 


LERoy E. DETLING 


A student of the Pacific Northwest flora frequently has his 
attention called to the occasional occurrence west of the Cas- 
cade crest of plant species whose normal range is in the more 
arid regions of the Rogue River Basin to the southward, or the 
basins and plateaus east of the Cascades. Closer investigation 
reveals some rather significant features in the distribution of 
some of these outliers—features which may have a bearing 
upon the study of the origins and past migrations of the North- 
west flora. 

In the first place, the stations where any one of the species 
is found are not scattered indiscriminately over the region 
west of the mountains. On the contrary, they are relatively few 
in number and in each station several to many of the outlier 
species are concentrated within a restricted area. In the second 
place, these restricted areas are in all cases mountain summits 
where a special set of environmental conditions obtains, pro- 
ducing a habitat differing considerably from that immediately 
surrounding it, and similar in many respects to those found 
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in the Rogue River Valley or the regions east of the Cascades. 
In other words, these summits constitute isolated “islands” of 
xeric flora within a general mesic region. 

The writer has made a study of eight of these islands (see 
accompanying map and table of xeric species), and the results 
and conclusions are presented herewith. Field studies, which 
have included all these islands, have been supplemented by 
herbarium study at the University of Oregon and Oregon State 
College. Collections made by Rayma Brown on Spencer Butte, 
Roy Andrews on Horsepasture Mountain, and J. Rollo Patter- 
son and Wm. H. Baker (1951) in the Bohemia-Fairview district 
were of great value. 

With one exception all these islands are located along the 
west slopes of the Cascade Mountains in Lane and Douglas 
counties, Oregon. The exception, Marys Peak, is in the heart 
of the Oregon Coast Range in Benton County. All but Red 
Mountain are included in that vegetation area which we 
have designated as the Puget (to be explained in a later 
paragraph). The latter is in the northern part of the Rogue 
Area. The general region is one of moderate to excessive 
annual precipitation, most of which falls during the winter, 
and of moderate summer and winter temperatures. Elevations 
of the peaks range from about 2000 feet on Spencer Butte, 
near Eugene, to nearly 6000 feet in the Bohemia-Fairview 
district. The most easterly of the islands is the one on Horse- 
pasture Mountain, which is about twenty miles in a straight 
line from the nearest ponderosa pine forests of eastern Oregon. 
These twenty miles, however, include the unbroken belt of 
subalpine vegetation along the crest of the Cascades. 

In each case the peak is composed of a mass of igneous 
rock which has been eroded away to form an isolated point 
or short ridge. As erosion has progressed, the soil originating 
from the rock at the summit has largely been washed down 
the slope, leaving a mass of rock either completely exposed 
or covered over with a thin layer of soil. There is no indication 
that the surrounding forest trees or deep-rooted shrubs have 
ever been able to invade these places. The shallow soil is 
subject to rapid drainage, and the vegetation is exposed to the 
dessicating action of sun and wind. Temperatures are undoubt- 
edly affected by heat absorption by the dark rocks and by the 
protection afforded by crevices and rock ledges. One signifi- 
cant effect of this would probably be the lengthening of the 
growing season for those plants established in this situation. 
It is under these conditions of moisture and temperature and 
without serious competition with the surrounding species that 
we find the xeric flora which we are discussing. The mountain 
slopes below the islands are in all instances covered with 
moderately dense forest. Below 4500 feet this forest is made up 
of Douglas fir (Pseudotsuga taxifolia) with its associated 
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vine maple (Acer circinatum), Oregon grape (Berberis nerv- 
osa), and salal (Gaultheria Shallon). Above this elevation it is 
mixed with, or even replaced by, such types as noble fir (Abies 
procera), subalpine fir (A. lasiocarpa), western white pine 
(Pinus monticola), and mountain hemlock (Tsuga Mertensi- 
ana). For the sake of comparison it is of interest to note that 
as yet no xeric species have been found to occur on the summit 
of Hardesty Mountain, a peak within this area which reaches 
an elevation of 4250 feet. In this case, for some reason, a mod- 
erately deep soil cover has been retained at the summit, allow- 
ing a dense growth of Pseudotsuga, Castanopsis, and Rhodo- 
dendron to become established there. 

From the results of several seasons’ collecting on the eight 
floral islands we have selected thirty-two species whose normal 
distribution is in the more arid vegetation areas to the south 
or east. Undoubtedly the list would be extended by more thor- 
ough collecting on the same peaks as well as by the inclusion 
of other peaks of similar environmental conditions in the same 
general region. The accompanying table indicates the occur- 
rence of the species on the islands under consideration. Con- 
siderable variation is apparent in the number occurring in any 
one island. Of particular interest is Rebel Peak, in the water- 
shed of the South Fork of the McKenzie River, where no less 
than eighteen xeric species are either directly associated with, 
or among rocks in the immediate vicinity of a patch of Arte- 
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misia tridentata, the only occurrence of this sagebrush known 
to the writer from west of the Cascade Mountains. 

The isolated character of the several islands gives evidence 
of their being relicts of a former widespread xeric flora. It is 
generally conceded by students of plant distribution that such 
islands are left in favorable niches in the wake of retreating 
or shrinking populations. An advancing population, on the 
other hand, presents a relatively continuous front, and is not 
preceded to any great distance by outliers of its species. 

The chief significance of our xeric islands lies in their rela- 
tion to the floras of the four or five vegetation areas which 
are in closest proximity to them, and particularly to the three 
among this number in which the relict species have their 
normal range today. For the purpose of this discussion these 
areas will be referred to by the names adopted by the writer 
in a previous study (Detling, 1948). The first is the Rogue Area, 
comprising roughly the valleys of the Rogue and Umpqua 
rivers. The second area, the Deschutes, includes the plateau 
and basin region east of the Cascades and south of the Ochoco 
and Blue Mountains, extending to Klamath and Summer lakes, 
and to the northeastern corner of Nevada. The Columbia Area 
takes in, in a general way, the valleys of the middle Columbia 
River and its main tributaries in north central Oregon and 
south central Washington. The Puget Area is made up of the 
valleys of the Willamette-Puget Trough, and extends from 
the Rogue Area northward to southwestern British Columbia. 
Finally, the higher elevations of the Cascade Mountains. be- 
tween the Columbia and Klamath rivers comprise the South 
Cascade Area. 

The xeric flora alluded to was presumably at one time the 
basic flora of the Puget Area, including the west slopes of the 
Cascades up to an elevation of nearly 6000 feet, probably the 
highest altitude at which the relicts now occur. Since the relicts 
in their normal range are largely associates of the ponderosa 
pine forests, we must assume that at the time the xeric flora 
occupied the Puget Area the latter had a climate comparable 
to that which now obtains in the Rogue, Deschutes, and Co- 
lumbia areas, where continuous stands of this pine are now 
extant. Annual precipitation would have ranged from twelve 
to forty-five inches (less than half that of the present period) ; 
January mean temperatures must have ranged between 26° F. 
and 40° F., while July mean temperatures were probably from 
60° F. to 73° F. Evidence of such a warm-dry cycle in the Pacific 
Northwest, culminating about six to eight thousand years ago, 
is offered by the bog-pollen studies of Hansen (1947). Accord- 
ing to these studies the warm, dry climate probably persisted 
in this area until as late as about four thousand years ago. 
It seems quite possible, therefore, that a xeric flora such as is 
today associated with the ponderosa pines was the dominant 
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feature of the west slopes of the Cascades as recently as that. 
Hansen (op. cit.) finds no evidence of any increase of this 
species in the Willamette Valley during the post-glacial dry 
period, and he suggests the possibility that the scattered stands 
now found in the southern end of the valley may be the result 
of amore recent invasion. In any case, it is difficult to explain 
the absence of ponderosa pine today above the level of the 
valley floor in the Puget Area other than by supposing that 
competition with other forest types has eliminated it com- 
pletely from the deeper soils, while at the same time, due to its 
deep-rooted habit, it has never been able to persist on the rocky, 
shallow soils of the mountain summits and ridges. 

Returning to the present distribution of the plant species 
in the relict islands, we find that each falls into one of six 
distinct patterns. These patterns may be summarized in the 
following manner, each group of species having its normal 
distribution in the area or areas indicated in the appropriate 
heading: 

I. Rocus. Erigeron foliosus confinis, Hieracium cynoglos- 
soides nudicaule, Sidalcea asprella, Viola Sheltonit. 

II. DEscHUTES. Arenaria formosa, Bromus polyanthus, Lu- 
pinus lepidus medius. 

III. Rocust-DEscHutTEs. Collomia linearis, Delphinium de- 
pauperatum, Eriogonum umbellatum, Madia minima. 

IV. Rocue-CoLumpsia. Eriogonum compositum pilicaule, 
Sisyrinchium Douglasit. 

V. Rocue-DEscHuTES-CoLumMpsiIA. Arabis Holboellu retro- 
fracta, Claytonia lanceolata, Crocidium multicaule, Erythron- 
ium grandiflorum pallidum, Gilia aggregata, Hackelia diffusa, 
Linum Lewisiu, Lupinus laxiflorus, Microsteris humilis, Pha- 
celia linearis, Poa scabrella, Prunus emarginata, Sanicula grav- 
eolens, Sedum Douglasit. 

VI. DeEscHuTES-CoLUMBIA. Arnica Parryi, Artemisia tri- 
dentata, Polygonum Douglasii, Silene Douglasit. 


None of the thirty-two species under consideration has its 
normal distribution in the Columbia Area alone. 

In a previous paper (Detling, op. cit.) the writer has empha- 
sized the point that the important feature of any vegetation 
area is not its boundaries, which are vague under the best of 
conditions, but rather its “environmental center,” the point 
about which are grouped the extremes of environmental factors 
which produce the optimum conditions for the plant species 
inhabiting the area. Since in the last analysis the positions of 
these environmental centers are determined by the physiog- 
raphy of a region, it is highly probable that they have been 
relatively fixed for many thousands of years. If the climate 
of the Pacific Northwest were to shift toward a warm-dry maxi- 
mum, the environmental extremes in such areas as the Rogue 
and Deschutes would become intensified, their influence would 
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spread progressively from the center outward, and their floras 
would advance at the expense of those areas, like the South 
Cascade, with a cool-moist combination of extremes. The re- 
verse movement would occur as the climate became seem 
cooler and more humid. 

- The South Cascade Area, with its marked extremes of mois- 
ture and low temperatures is interposed between the Deschutes 
and Puget areas in such a way as to hinder if not actually pre- 
vent any interchange of floral elements between these two 
until what was probably the culmination of a warm-dry cycle. 
Minimum elevations of the Cascade crest in this region are 
approximately 5000 feet, with most of the ridges rising at least 
1000 or 1500 feet above this. A xeric Puget flora would have 
reached the elevation of all but the very highest of what are 
now the relict islands before contact would be made with a 
similar xeric flora east of the crest. 

No such intervening area is interposed between the Rogue 
and the Puget, and the boundary separating the two is rela- 
tively indefinite. With a general increase in dryness and 
warmth, it is reasonable to suppose that a xeric flora advanc- 
ing from the Rogue would reach the west slopes of the central 
Oregon Cascades before a similar xeric flora would cross the 
crest of the range from the Deschutes, and therefore that a 
large part of this element as it occurs in the Puget Area mi- 
grated in from the south. 

What appears to be strong evidence in support of this theory 
is the distribution of those species in groups I and IV above, 
comprising about 18 per cent of the total xeric flora. These are 
Rogue species which are either restricted to that area except 
for the outliers in the Puget islands, or have an additional 
center of distribution in the Columbia Area, but in either case 
are absent from the Deschutes. A striking example of the latter 
type of distribution is that of Eriogonum compositum. The typi- 
cal variety of this species with glabrous stems and peduncles 
is found commonly east of the Cascades except in a portion 
of the Columbia Area. The variety pilicaule, with pubescent 
stems and peduncles, replaces this in the Rogue and in the 
Columbia Area just eastward of the Columbia Gorge, and is 
the only form found on the Puget islands, where it occurs with 
considerable frequency. 

A somewhat similar distribution pattern is presented by 
Garry oak (Quercus Garryana). This species extends north- 
ward from the central valley of California through the valleys 
of the Rogue and Puget areas to Vancouver Island and the 
lower Fraser River. An arm of its range extends through the 
Columbia River Gorge and eastward along the middle Columbia 
River and its tributaries. So far, it has not been reported as 
occurring east of the Cascades between the lower Deschutes 
River Valley and the Klamath River. In the Puget Area it is 
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largely restricted to the drier, lower elevations of the broad 
valleys, although it does occur on two or three of the xeric 
islands. 

Several other species have this same distribution, e.g., 
Dentaria tenella var. pulcherrima, which is very abundant in 
the Rogue River Valley, fairly common in Hood River, Wasco, 
and Klickitat counties, and is found at rare stations in the 
Puget Area, including the Bohemia-Fairview island. 

While this Quercus and Dentaria type of distribution does 
involve parts of the Puget Area other than the islands, and 
consequently ought perhaps to be considered as a special case, 
nevertheless it is of interest in this discussion in that it does 
emphasize the close relationship between the Rogue and Co- 
lumbia areas, and the fact that this relationship does not 
necessarily involve the Deschutes Area at all. 

An interesting species whose distribution pattern does not 
coincide with any of those cited above is Allium crenulatum. 
It occurs on three of our xeric islands, on Saddle Mountain 
in Clatsop County, Oregon, and in the Olympic Mountains of 
western Washington. According to Dr. Marion Ownbey (unpub- 
lished correspondence), its closest affinity seems to be with 
A. parvum, a species occurring east of the Cascades, and is part 
of a complex of xeric species having its center of dispersal 
to the south of our area. 

While it seems reasonable that the earlier immigrants of the 
ponderosa pine flora reached the Puget Area from the south, 
when the upper limits of this flora reached the level of the 
Cascade crest under the influence of the extreme dryness and 
warmth, there probably was an influx of additional species 
from the east. This may have been the pathway of many of 
those relicts whose present normal distribution does not include 
the Rogue Area. Whether any of these species were ever present 
in the Rogue is problematical. The floras of the Rogue River 
Valley and the Klamath Basin have a great many species in 
common today, and there is no reason to doubt that at one 
time there may have been more of these, which have since 
disappeared from one or the other of the areas. 

Where the various elements of the xeric flora came from in 
the first place is not within the scope of the present paper. 
Those which did not originate in the massif of the Siskiyou 
Mountains seem to have reached its eastern valleys and pla- 
teaus from the lower slopes of the Sierra Nevada or the central 
valley of California. From this point some of the species appar- 
ently continued northward on the east side of the Cascades, | 
while others migrated westward to the valleys and canyons 
of the Siskiyou Mountains and thence to the Rogue River, 
possibly by way of the gap north of the Shasta Valley. Why 
they may have taken these divergent pathways is a subject 
for future investigation. 
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TABLE 1. DISTRIBUTION OF XERIC SPECIES AMONG THE RELICT ISLANDS 
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SUMMARY 


Distribution patterns of thirty-two xeric plant species oc- 
curring on isolated mountain tops west of the Cascade Moun- 
tains of Oregon suggest that they are relicts of a once wide- 
spread xeric flora which originated, first, in the Rogue River 
Valley, and secondly, on the plateaus of east-central Oregon. 
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They have persisted on the mountain summits because of the 
arid and relatively warm conditions of the shallow soil and 
exposed dark rocks, and the consequent freedom from compe- 
tition with the surrounding mesic forest types. 


Museum of Natural History 
University of Oregon, Eugene 
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Fic. 1. Location of islands of xeric flora in central western Oregon. 


BALSAMORHIZA TEREBINTHACEA AND OTHER HYBRID 
BALSAM-ROOTS 


WILLIAM A. WEBER 


Balsamorhiza terebinthacea (Hook.) Nutt. was one of the 
earliest described taxa in the genus Balsamorhiza. It first 
appeared in the literature as Heliopsis (?) terebinthacea Hooker 
({1834] 1840) and was described in the same article with the 
type species, Balsamorhiza Hookeri, which Hooker called Heli- 
opsis (?) balsamorhiza. The taxon has been accepted as a spe- 
cies by most subsequent authors, including Peck (1941), Ryd- 
berg (1917), St. John (1937), and by the monographer of the 
genus, Ward M. Sharp (1935). 

Hooker’s diagnosis was as follows (the italics by the present 
author): 

H.? terebinthacea: pubescens, foliis radicalibus petiolatis—ovato- 

lanceolatis sinuato—pinnatifidis crenato-serratis, involucri foliolis 

numerosis lanceolato—acuminatis imbricatis caulem paucifoliatum 
subaequantibus, radice crassa balsamifera. Hab. Common at Fort 

Vancouver, on the Columbia, and in the grounds of the interior. 

Douglas.—Closely allied to the preceding species [H. balsamorhiza], 

and yielding in its root the same terebinthine juice. 

In studies on natural hybridization in the genus Balsamor- 
hiza, Ownbey and Weber (1943) showed that intersectional 
crosses between species of the Section Eubalsamorhiza, with 
pinnatifid leaves, and the Section Artorhiza, with triangular- 
cordate leaves, result in introgressants which tend to preserve 
the habit and leaf-size of the Artorhiza parent while they pick 
up various degrees of the lobing of the Eubalsamorhiza parent. 
Thus, a large number of intermediate individuals occur which 
have the general leaf outline of the Artorhiza species, but which 
possess leaf-margins varying from a few scattered crenate 
teeth all the way to deeply and irregularly pinnatifid. In taxo- 
nomic practice, these individuals have been called Balsamor- 
hiza terebinthacea. 
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The type specimen of B. terebinthacea (fig. 1) is such an 
individual. It is apparently a derivative of the cross, B. del- 
toidea Nutt. x B. Hookeri (Hook.) Nutt., since this is the only 
combination of parental types which occurs in the vicinity of 
the type locality. In addition to the type specimen, Sharp 
(1935) , in his monograph of the genus, cited the following speci- 
mens under his treatment of B. terebinthacea which probably 
represent hybrids of other parental combinations: Suksdorf 
10866, 360, 135, Klickitat County, Washington, — B. Careyana 
x B. Hookeri; Peck 8456, Josephine County, Oregon, — B. del- 
toidea X B. platylepis; Butler 1337, Siskiyou County, California 
— B. deltoidea X B. Hookeri var. lanata. Similar individuals 
occur throughout the Pacific Northwest wherever the ranges 
and habitats of Artorhiza and Eubalsamorhiza species overlap. 

It can be demonstrated, therefore, that Balsamorhiza tere- 
binthacea is not a natural taxon except as it represents similar 
phenotypes obtained from crosses involving different pairs of 
species. It has, nevertheless, been a convenient name under 
which to file intermediate specimens in the herbarium when 
only one specimen from a given population is available. Unfor- 
tunately, collectors often seek out the unusual form in a popu- 
lation and neglect to preserve the typical specimens of the 
parental types which might indicate the probable parentage. 

Although the name B. terebinthacea has provided a con- 
venient category for filing the progeny of B. deltoidea and 
B. Hookeri crosses, as well as intermediate forms of unknown 
parentage, the writer feels it best not to encumber nomencla- 
ture by giving names to all hybrids of various parental combi- 
nations. The better course would be to designate as hybrids 
those names that have already been published as species, and 
in the future, whenever possible, refer to other known hybrids 
by their parental names connected by an xX. Previously pub- 
lished names in Balsamorhiza that can now be designated as 
hybrids, and their parental equivalents, are cited below. 

< Balsamorhiza terebinthacea (Hook.) Nutt. Trans. Am. 
Philos. Soc. II. 7:349. 1841, hybrid, B. deltoidea Nutt. x B. 
Hookeri (Hook.) Nutt. 

x Balsamorhiza Bonseri St. John, Fl. S.E. Wash. and Adj. 
Idaho, 1937, hybrid, B. rosea Nels. & Macbride X< B. sagittata 
(Pursh) Nutt. 

Xx Balsamorhiza tomentosa Rydberg, Bull. Torrey Club 27: 
628. 1900 (B. incana var. tomentosa Sharp), hybrid, B. incana 
Nutt. x B. sagittata (Pursh) Nutt. 
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PLATE 1. Type SPECIMEN OF BALSAMORHIZA TEREBINTHACEA (HOOK.) 
NUTT. 


THE RELATIONSHIP BETWEEN QUERCUS DUMOSA AND 
QUERCUS TURBINELLA 


JoHN M. TUCKER 


Quercus turbinelia Greene and Q. dumosa Nutt. are closely 
related oaks; both commonly occur as chaparral shrubs, and 
both have small, hard, evergreen leaves which are very similar 
in shape. Although similar in these respects, in their most 
distinctive states they exhibit a number of differences—mor- 
phological, ecological, and geographical. Their ranges overlap 
in southern California, however, and in this area they inter- 
grade to a greater or lesser degree. The purpose of this paper 
is to record the results of a study of this intergradation. The 
author’s opinions regarding their taxonomic treatment are 
presented elsewhere (Tucker, 1952). 

DIFFERENCES BETWEEN QUERCUS DUMOSA AND Q. TURBINELLA 

The range of Q. dumosa and that of the typical subspecies of 
@. turbinella are evidently completely disjunct. The latter 
occurs in California only in the New York Mountains of eastern 
San Bernardino County, ranging eastward to western Texas 
and recurring in northern Baja California (the type locality). 
Quercus dumosa does not occur as far east as the New York 
Mountains, and in Baja California it is apparently isolated from 
Q. turbinella. 

The Californian subspecies (Q. turbinella subsp. californica 
Tucker) does, however, overlap the range of Q. dumosa, al- 
though ecologically they are in large part separated from one 
another. Quercus turbinella californica is the scrub oak com- 
ponent of the pinyon pine-juniper association of arid moun- 
tain slopes near or bordering the western edge of the Mohave 
Desert, and also occurs in the more arid parts of the inner 
South Coast Ranges. Quercus dumosa is a common element 
of the slightly more mesic chaparral of semi-arid, interior 
mountain slopes of southern California (although its range 
extends northward as far as Tehama County). Where these 
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associations meet in interior southern California, the two oaks 
tend to intergrade. 

In gross aspect @. dumosa and Q. turbinella subsp. californica 
are quite similar in several respects. In their most distinctive 
states, however, they differ in a number of morphological 
characteristics, as follows: 


TABLE 1. MoRPHOLOGICAL DIFFERENCES BETWEEN QUERCUS TURBI- 
NELLA CALIFORNICA AND Q. DUMOSA. 


Q. turbinella californica Q. dumosa 
1. Upper leaf surface gray to 1. Upper leaf surface green and 
gray-green; dull, not shining shining 
2. Leaf margin spinose-dentate 2. Leaf margin usually mucro- 
(teeth with definite short spines nate-dentate to entire or sub- 
to 1 mm. long) spinose; only infrequently defi- 


nitely spinose 


3. Twigs of the current season 3. Twigs of the current season 


densely yellow-gray tomentose pubescent to glabrate and 
brownish 
4. Acorn cups thin 4. Acorn cups thick 
5. Cup scales scarcely (or not at 5. Cup scales (especially basal 
all) tuberculate ones) usually strongly tuber- 
culate 


6. Cups turbinate to subhemi- 6. Cups hemispheric to about %% 


pheric (or deeply cup-shaped) spherical, the margins tapering 
but the margins not turning inward 
inward 


They tend to differ also in the size and shape of their buds 
and the shape of their acorns. In Q. turbinella the mature ter- 
minal buds are commonly small (1-2 mm. long) and globose, 
where as in Q. dumosa they are larger and usually ovoid. Acorns 
of the former are relatively slender and taper gradually to the 
pointed apex; those of the latter are broader in proportion to 
their length, and roundish at the apex. 

Classification of these oaks has varied considerably with 
different authors. Some have regarded them as two distinct 
species; others have treated Q. turbinella as a variety of Q. 
dumosa (the older name); and still others have considered 
Q. turbinella to be merely a form of Q. dumosa unworthy of 
even varietal status (for a more detailed discussion of their 
taxonomic history see Tucker, op. cit.). As evidenced by their 
morphological similarity, it has been generally acknowledged 
that a close relationship exists between them. Their intergrada- 
tion, however, has probably been the major factor causing 
some authors to treat them as elements of a single species. 

Thanks are due the curators of the following herbaria for 
the loan of specimens: Pomona College (POM); San Diego. 
Society of Natural History Herbarium (SD); University of 
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Lebec 


Kern County 


San Bernardino County 


Sante Barbara County Victorville 
HIWAY 99 


HIWAY 399 


Djai Los Angeles County 


Ventura County 


HIWAY \66 


3 p24 San Bernardino 


————$—$ 
25 MILES 


Fic. 1. Location of transects across zone of intergradation between 
Quercus turbinella and Q. dumosa in southern California. 


California, Berkeley (UC); and University of California, Los 
Angeles (LA). Specimens in the writer’s personal collection 
are cited by his initials (JMT). 


POPULATION SAMPLES 


In order to obtain more pertinent and detailed data than 
was possible from the study of miscellaneous herbarium speci- 
mens alone, three series of population samples (“mass collec 
tions”; cf. Anderson, 1941) were collected in southern Calif- 
fornia along transects across the zone of intergradation (fig. 1). 
The series along Highway 399 over Pine Mountain in north- 
western Ventura County was collected on February 16, 1946, 
by Dr. G. L. Stebbins, Jr., Dr. C. H. Muller, and Mr. Clifton 
Smith. The other two were collected by the author with the 
help of his wife—one on October 18 and 19, 1946, along the 
Ridge Route (Highway 99) in northwestern Los Angeles 
County, the other on October 20, 1946, along Highway 66 over 
Cajon Pass in southwestern San Bernardino County. The loca- 
tion and the number of individuals in each population sample 
are given in Table 2. 

For the analysis of these collections a hybrid index (cf. 
Anderson, 1936; Goodwin, 1937; Heiser, 1947; and Stebbins 
et al, 1947) was constructed on the basis of the six differences 
between Q. turbinella californica and Q. dumosa listed in Table 
1. Since these differences were not all of the same degree or 
constancy, the characters were not all assigned the same index 
values. In each case the minimum value is characteristic of 
Q. turbinella, and the maximum is characteristic of Q. dumosa. 
During this analysis, “standard” specimens of Q. dumosa, Q. 
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TABLE 2. POPULATION SAMPLES OF QUERCUS DUMOSA AND Q: TURBI- 


CALIFORNICA. 


36071 
3608 
3609 
3610 
3614 
3615 
3616 


3617 


No. of 
Collection individuals 
number insample 


Pine Mountain Transect, Ventura County (fig. 2). 


20 


23 


20 


21 


238 


20 


Location 


upper Cayama Valley, 6.6 mi. north of 
Lockwood Valley Rd. 


north base of Pine Mountain, .3 mi. south 
of Lockwood Valley Rd. 


north slope of Pine Mountain, 3 mi. south 
of Lockwood Valley Rd. 


north side of Pine Mountain, .5 mi. north 
of summit 


along Sespe Creek, 17.4 mi. north of Wheel- 
er’s Hot Springs 


along Sespe Creek, 15.7 mi. north of Wheel- 
er’s Hot Springs 


along Sespe Creek, 14.2 mi. north of Wheel- 
er’s Hot Springs 


summit of grade between Wheeler’s Hot 
Springs and Sespe Creek 


Ridge Route Transect, Los Angeles County (fig. 3). 


ca. 3 mi. south of Lebec, Kern Co. 
18 mi. north of Castaic 

16.9 mi. north of Castaic 

16.3 mi. north of Castaic 

16.1 mi. north of Castaic 

15.8 mi. north of Castaic 


at top of ridge, 6.4 mi. north of Castaic 


Cajon Pass Transect, San Bernardino County (fig. 4). 


1467 27 
1477 18 
1478 30 
1479 29 
1480 21 
1481 30 
1482 21 
1483 29 
1484 25 
1485 20 


7.1 mi. northeast of junction with Highway 
138 


4.8 mi. northeast of junction with Highway 
138 


1.9 mi. southeast of junction with Highway 
138 


1Collection numbers in the Pine Mountain ‘Transect are those of 
G. L. Stebbins, Jr.; in the Ridge Route and Cajon Pass transects they 


are those of the author. 
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Fic. 2. Pine Mountain Transect, Ventura County. 


turbinella californica, and intermediates were kept at hand for 
comparison. Each individual was scored on the six characters, 
the sum of these scores representing an index total for that 
particular plant. The totals for each population sample are 
presented in the form of a histogram. 

Ratings on the six differences were as follows: 

1. Leaf color. This is the most sharply distinct difference; 
hence a wider range between extremes of index scores, 0 to 4, 
was allowed than on any of the others. 

2. Leaf margin. Three categories were recognized, scoring 
0 to 2. 

3. Twig pubescence. Since, in either oak, this is somewhat 
more variable than the other characters, only two categories 
were recognized, scoring 0 and 1. 

4. Thickness of acorn cup. Three categories were recog- 
nized, scoring 0 to 2. 

0. Cup scales. Three categories were recognized, scoring 
0 to 2. 

6. Cup shape. Since these oaks are not sharply separated 
on this difference, only two conditions were recognized, scor- 
ing 0 and 1. 


RESULTS AND DISCUSSION 


In the histograms in figs. 2, 3, and 4, index totals are shown 
by the horizontal scale, and the number of plants is indicated 
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1467 


o12345676900112— 


Gke te 1477 


Biv 1478 


HIWAY 99 


8 MILES 
CASTAIC 


Fic. 3. Ridge Route Transect, Los Angeles County. 


by the heights of the vertical columns. For the sake of dis- 
cussion and comparison, individuals whose totals fall in the 
five lowest classes (0-4 inclusive) will be considered “good”’ 
@. turbinella, since characters of this species received low 
scores. The “purest” collection of the latter made in this study, 
Tucker 1467, exhibits this range of index totals (fig. 3). Those 
whose totals fall in the five highest classes (8-12 inclusive) will 
be considered “good” @. dumosa, since characters of this species 
received high scores. The “purest” collection, Stebbins 3617, 
exhibits this range (fig. 2). The remaining classes, of course, 
comprise the intermediate range. 

In analyzing certain of these population samples, it seemed 
that cup characters often varied widely within the sample, 
while leaf characters were more consistent. To determine the 
degree of correlation between foliage and cup characters, 
therefore, a series of scatter diagrams was plotted (fig. 5). For 
each individual the total score on cup characters was plotted 
(as the ordinate) against the total on leaf and twig characters 
(as the abscissa). 


PINE MOUNTAIN TRANSECT (figs. 2 and 5a). It is evident that 
Stebbins 3607 is a collection of essentially “good” Q. turbinella, 
and, conversely, that Stebbins 3617 is a collection of “good” 
@. dumosa. Plotted on the same base line, they would present 
a discontinuous distribution, which indicates that, as they 
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Fic. 4. Cajon Pass Transect, San Bernardino County. 


occur in their respective habitats, they are morphologically 
quite distinct in the aggregate of characters scored. 

Most of the other collections have a larger proportion in the 
intermediate range. Indeed, in Stebbins 3609 the intermediates 
form a nearly continuous series between Q. turbinella and 
@. dumosa. On the other hand, in Stebbins 3614, which also 
includes individuals of both species, there is only one Q. 
dumosa-like individual in the intermediate range. 

These data indicate that in an occasional population along 
this transect the morphological gap between Q. turbinella and 
@. dumosa may be bridged by intermediates, but this is not 
always the case. Any given population usually is composed 
mainly of one entity or the other, together with some inter- 
mediates. The presence of these intermediates suggests that 
populations of Q. turbinella and Q. dumosa have been recipro- 
cally modified through introgression. 

The scatter diagrams (fig.5A) for this transect reveal one 
interesting point. In the collections that are predominantly 
@. dumosa on the basis of index totals (Stebbins 3614-3617) , 
the total scores on cup characters alone are distinctly more 
variable than the totals on leaf and twig characters. In Steb- 
bins 3616, for example, all the leaf and twig totals lie in the 
higher (Q. dumosa) half of the range; the cup totals, however, 
are spread over the entire range. On the other hand, the col- 
lections that are predominantly Q. turbinella (Stebbins 3607- 
3610) do not show any conspicuous difference in variability 
between cup totals and leaf and twig totals. A tentative expla- 
nation is given following discussion of the other two transects. 


RipGE ROUTE TRANSECT (figs. 3 and 5B). On this transect two 
points of similarity to the preceding are apparent. (1) The first 
and last collections, Tucker 1467 and 1482, are fairly representa- 
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tive Q. turbinella and Q. dumosa, respectively. (2) All the other 
collections, Tucker 1477-1481, have a higher proportion of in- 
termediates than do the terminal collections. This suggests 
that the populations from which Tucker 1477-1481 were col- 
lected have been modified through introgression. Even so, in 
the two populations in which both entities occur (Tucker 1479 
and 1481), they are separated by evident, although narrow, 
morphological gaps. The change from populations of Q. turbi- 
nella to populations of Q. dumosa is thus not a gradual merging 
of one into the other, but a fairly abrupt shift. 

As in the preceding transect, the scatter diagrams reveal 
that in collections that are predominantly Q. dumosa, the cup 
totals are more variable than the leaf and twig totals. In Tucker 
1481, for example, if we disregard the individuals of Q. turbi- 
nella and Q. turbinella-like intermediates, it is apparent that 
the others all have leaf and twig totals of 6 or 7 (“good” Q. 
dumosa), while the cup totals extend over the entire range. 
The collections that are predominantly Q. turbinella, however, 
do not show this difference in variability. 


CAJON PASS TRANSECT (figs. 4 and 5c). In fig. 4 both terminal 
collections show a higher proportion of intermediates than cor- 
responding collections on the preceding transects. Nevertheless, 
Tucker 1483 represents the “purest” Q. turbinella along this 
transect, being a sample of the first oaks encountered as one 
ascends from the desert toward Cajon Pass. Here, Q. turbinella 
was growing in association with Juniperus californica, Arte- 
misia tridentata, and Yucca sp. Tucker 1485, the only collection 
of Q. dumosa, was isolated from Q. turbinella by a gap of sev- 
eral miles along this transect (although they may overlap 
elsewhere in this general area). At the location of Tucker 1485, 
@. dumosa was growing in association with Adenostoma fasci- 
culatum, Ceanothus crassifolius, and Quercus Wislizenii. 

It is obvious that the intermediate part of the range is com- 
pletely bridged in all three histograms. The greater interme- 
diacy of these collections as compared with those of the pre- 
ceding transects strongly suggests that introgression has ef- 
fected a greater merging of Q. turbinella and Q. dumosa in 
this area. 

As in the preceding transects, the scatter diagram for the 
single collection of Q. dumosa on this transect (Tucker 1485) 
shows the leaf and twig totals to be much less variable than 
the cup totals. Once again, this is not the case in the collec- 
tions that are predominantly Q. turbinella (Tucker 1483 and 


EXPLANATION OF Fic. 5. 


Fic. 5. Scatter diagrams of the three transect area populations 
showing total scores on cup characters (plotted as ordinates) and 
total scores on leaf and twig characters as the abscissae). Individuals 
with a preponderance of Q. turbinella characters fall to the lower left 
and those with a preponderance of @. dumosa to the upper right. 
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1484). In the latter, cup totals are not conspicuously more vari- 
able than leaf and twig totals. 

As a tentative explanation of the preceding observations 
it may be suggested that in the habitats in which Q. dumosa 
predominates, its glossy, green leaves (and perhaps the other 
leaf and twig characters, also—or genetically linked physio- 
logical characteristics) may have a higher selective value than 
the corresponding characters of Q. turbinella. Glossy, green 
foliage is rather frequent in species of the chaparral formation 
in which Q. dumosa occurs, Prunus ilicifolia, Rhamnus crocea, 
and Ceanothus sorediatus being common examples. Foliage of 
this aspect is rather infrequent in desert-border habitats, 
whereas pale grayish foliage (which, indeed, characterizes 
Q. turbinella) is much more common. It should be borne in 
mind that selection would exert its earliest effects during the 
critical establishment stage—the first year or two in the life 
of a young seedling. Selection at this time would act upon 
foliage characters, not fruit characters. The latter, obviously, 
would not be manifested until some years later. If genetic 
linkage between factors for the cup characters studied and 
those for the foliage characters studied were only slight (as 
seems to be the case), then a wide variety of cup characters 
could become established in a heterozygous population, which, 
due to rather stringent selection, was much more uniform for 
foliage characters. 

On the other hand, in the more arid habitats where the 
ranges of these two oaks overlap, one would expect that foliage 
characters of Q. turbinella would have a selective advantage. 
Be that as it may, the scatter diagrams for such collections as 
Tucker 1478 and 1479 (fig. 5B), indicate that Q. dumosa genes 
for both foliage and cup characters have become established 
in these populations. Quercus turbinella genes, conversely, have 
modified populations of @. dumosa for the most part only in cup 
characters. In areas where reciprocal introgression has oc- 
curred, therefore, the flow of Q. dumosa genes into the Q. turbi- 
nella population has been more oronounced than the reverse. 

Although the author has not had the opportunity to study 
Q. turbinella in the field farther south than Cajon Pass, a num- 
ber of herbarium specimens have been seen from elsewhere 
in San Bernardino County, and from Riverside and San Diego 
counties. Just as on the desert slopes north of Cajon Pass, 
collections from the north slope of the San Bernardino Moun- 
tains, though more like 4. turbinella, usually show some sug- 
gestion of Q@. dumosa. Eastward and southeastward from the 
San Bernardino Mountains, characters of @. duwmosa are even 
more prevalent. Although one specimen of fairly characteristic 
@. turninella has been seen from Morongo Pass (Epling and 
Robison, June 24, 1933, LA), most collections from this area 
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and from the Little San Bernardino Mountains to the southeast 
exhibit mixtures of the characters of both, and some are nearer 
to Q@. dumosa. 

The few specimens seen from the Cottonwood and Eagle 
mountains of Riverside County, although they also contain 
mixtures of characters of the two, are in general nearer to 
@. dumosa. These are: Cottonwood Mts., Colorado Desert, 
Jaeger, June, 1921 (UC); north slope of Eagle Mountains, 
Riverside County, Alexander and Kellogg 2210 (UC); Monsen 
Canyon, Eagle Mountains, Alexander and Kellogg 2243, (UC); 
Palm Canyon, Eagle Mts., Jaeger, Dec. 20, 1927 (POM). The 
single specimen seen from the Santa Rosa Mountains (road 
from Deep Canyon to Vandeventer Flat, Munz 12845 (POM), 
and most of the material from desert-border mountains of San 
Diego County exhibit a preponderance of @. dwmosa charac- 
ters. An occasional specimen may have paler leaves than usual, 
e.g. Boulder Park, four miles east of Jacumba, Dixon 341 
(JMT), or thin, only slightly tuberculate cups: Boulder Park, 
Imperial County, Gander 4662 (SD). Nevertheless, even those 
specimens most similar to Q. turbinella are distinctly inter- 
mediate in the aggregate of their characters. Judging by speci- 
mens of @. dumosa from central and western San Diego County, 
it seems probable that there is complete intergradation with 
the desert-border forms. In the author’s opinion, the material 
from desert-border mountains of Riverside and San Diego 
counties is best referred to @. dumosa rather than to Q. turbi- 
nella (as such specimens have frequently been determined). 
This pattern of morphological variation suggests that @. du- 
mosa is “swamping out” Q. turbinella in these areas. More in- 
tensive study is required, however, before this matter can be 
settled. 


CONCLUSIONS 


1. In the areas of the three transects sampled, Q. dumosa 
and ©. turbinella have both become modified through inter- 
breeding (introgression). 

2. Along the Pine Mountain and Ridge Route transects, 
despite the introgression, the species still tend to retain their 
respective morphological identities. 

3. In general, greater modification has taken place in both 
Q. dumosa and Q. turbinella along the Cajon Pass transect 
than along the other transects. 

4. Eastward and southeastward from the area of Cajon 
Pass, Q. dumosa characters tend more and more to predominate 
(judging by miscellaneous herbarium specimens) . Indeed, most 
collections from desert-border mountains of Riverside and San 
Diego counties are, in general, more similar to Q. dumosa than 
to Q. turbinella. 


University of California, Davis. 
Department of Botany, 
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A: CORRECTION IN THE. STATUS OF VIOLA 
MACLOSKEYI 


MILo S. BAKER 


In the January, 1953, issue of Madrono I proposed uniting 
the two white violets known as Viola pallens (Banks ex DC.) 
Brainerd and V. Macloskeyi Lloyd and made two combinations 
under V. pallens, which, because of the rule of priority, are not 
valid. To comply with this rule, it is necessary, much to my 
regret, to abandon the name pallens, so much older in the 
varietal category, in favor of the earlier specific name V. Mac- 
loskeyi Lloyd, since the latter has ten years priority over 
V. pallens (Banks ex DC.) Brainerd. Hence, for all material 
of this species from California and Oregon, known at this time, 
I propose the name of V. Macloskeyi subsp. Macloskeyi, and for 
the northern and eastern material, the name V. Macloskeyi 
subsp. pallens. Formal citation for this transferal follows: 

VIoLA Mac.oskEyI Lloyd subsp. Macloskeyi. V. Macloskeyi 
Lloyd, Erythea 3:74. 1895. V. blanda var. Macloskeyi Jepson, 
Man. FI. PI. Calif. 648. 1925. V. pallens (Banks ex DC.) Brainerd 
subsp. Macloskeyi Baker, Madrono 12:18. 1953. 

Viota Mac toskEyI Lloyd subsp. pallens (Banks ex DC.) 
comb. nov. V. rotundifolia var. pallens Banks ex DC. Prodr. 
1:295. 1824. V. pallens Brainerd, Rhodora 7: 247. 1905. V. pallens 
(Banks ex DC.) Brainerd subsp. pallens, Madrono 12:17. 1953. 


Santa Rosa Junior College, 
Santa Rosa, California 
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REVIEWS 


Pollen Morphology and Plant Taxonomy. Angiosperms (An Intro- 
duction to Palynology.) By G. Erdtman. xii + 539 pages, 1 plate and 
251 figures. 1952. Waltham, Massachusetts: The Chronica Botanica 
Company; San Francisco: J. W. Stacey, Inc. $14.00. 

This work, originating in the Palynological Laboratory in Stock- 
holm, is a resumé of the structure of angiosperm pollen presented from 
a systematic point of view notwithstanding the fact that the plant 
families are arranged strictly alphabetically. The book is dedicated to 
I. W. Bailey, C. Skottsberg, and R. P. Wodehouse. In the foreword 
Professor H. Humbert of the National Museum of Natural History, 
Paris, reviews the subject and calls attention to its role as an introduc- 
tion to palynology and to the ramifications and significance of paly- 
nology in science and industry. 

In the preface the author points out that his aim is to present the 
basic principles of palynology as they apply to the main features of 
angiosperm pollen morphology, and not to present a comprehensive 
picture of pollen morphology. Your reviewer finds it difficult to dis- 
criminate between these subjects as presented in this work. Palynology, 
we learn, is a term coined by Hyde and Williams for that aspect of 
spore and pollen science dealing with the structure and markings 
of the wall, and is not concerned with the cytological interior. As we 
get into the subject we wonder if this does not make an artificial 
framework for the science of palynology, which appears to be bound 
together solely by the common uses, both scientific and practical, to 
which the characters of the durable spore and pollen coats can be put. 
The unity of palynology thus revolves around the use of the material 
rather than its character. This is analagous to the unity of palaeon- 
tology as standing apart from biology. The use to which fossils are 
put in interpretation, both geological and biological, and in science 
as well as industry, contributes a sense of unity however artificial, 
and adequately justifies the subject. But just as the biologist may 
regard the palaeontology of his group as an integral part of biology, 
so may the pollen morphologist insist that the palynology of pollen 
is an integral part of pollen morphology. 

After a detailed discussion of the techniques developed for the 
study of palynology, the author goes into an intensive discussion of 
pollen and spore morphology. One is amazed at the compounding 
of the terminology that has engulfed such a tiny structure as the wall 
of a pollen grain or spore. Many terms are explained in the text, and 
at the end of the work there is a glossary of over 200 entries, many 
of which contain synonyms not separately treated. The feeling is 
gained that what the pollen grain lacks in size and structure is com- 
pensated for by the compounding of its terminology. Much of this 
is no doubt necessary and very useful, but I would like to reflect 
for a moment upon the problems raised. 

It has been said that if we understood one another’s language 
there would be little excuse for misunderstanding. There is in this 
idea an important lesson for those who would elaborate terminology. 
Special terminology can easily become the Biblical Tower of Babel 
that confounds understanding. Admitting that Latin is the language 
of scholars, and that language, within the framework of its rules, 
1s a system of logic for the presentation of ideas, it would seem that 
the most effective presentation of any subject would lie in a language 
whose organization and terminology followed rules. To depart from 
this via the language of the specialist is to embark upon an empirical 
course which knows neither formalism nor rules, but becomes a lingo 
of convenience growing independently anew with each burst of 
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enthusiasm and understandable only to the chosen few. The scholar 
for instance, can find no linguistic formula for the understanding or 
interpretation of such words as sexine and nexine as compounded 
by the palynologist to convey his special meaning. Unless a glossary 
accompanies each work, the reader is forced to trace such terms back 
through the special literature until such time as these words find 
their way into a dictionary. Instead of compounding the linguistic 
roots of anoun and its modifying adjective, there are added, as prefixes 
to the word “exine,” the letter “s’ derived from the adjective “sculp- 
tured” and the letter ‘“‘n’” derived from the adjective ‘“nonsculptured.” 
Each prefix is supposed to impart the meaning of the adjective from 
which it was detached. This is not language! This is jargon! In a science 
as young as palynology it would pay even now to go back and recon- 
struct its terminology to make it linguistically understandable and give 
it the dignity of the language of scholars. 

The main body of the work, however, is on a sound foundation and 
represents a significant contribution to scientific knowledge. In his 
presentation of a comparative resumé of the pollen characters of each 
family it is evident that the author is keenly aware of the taxonomic 
problems of an amazing number of plant families. In family after 
family the information presented delineates the existing problem in a 
manner that makes it clear whether or not palynology has anything 
to contribute toward the solution of the problem. As might be expected, 
it has much to contribute to some problems and nothing to others. 
Nevertheless palynology is an aspect of systematic botany that cannot 
be neglected. Through the techniques developed by Dr. Erdtman and 
other, palynologists, the taxonomist is provided with a new set of 
comparable facts to employ in the synthesis of relationships. 

To assess the usefulness of the work your reviewer sought to 
determine if the subject as presented made a contribution to several 
taxonomic problems of which he was aware. He was extremely gratified 
to find that it either provided additional concomitant characters to 
bolster ideas that lead one to differentiate groups, or it indicated 
that my previous doubts were supported by inconclusive evidence from 
palynclogy. In some cases evidence tended to refute ideas from other 
sources. This of course may work both ways in an argument. However 
we are only interested in the facts, and each interpreter may utilize 
them toward his objective as he may see fit. In the problems your 
reviewer chose to investigate, his own views were either satisfied 
or frustrated by the palynological evidence presented. The main point 
is that he found something that applied to each problem one way or 
the other. 

In most families the discussion centers around the taxonomic 
subdivisions whereby genera are aggregated within the families. In 
addition, very often there is mention of evidence of relationship to 
other families, and similarities are often pointed out that stimulate 
questions. In some cases their resemblances seem possibly to have 
resulted from some aspect of parallel development. 

The typography and the binding are excellent examples of the 
printers’ art. In this epoch of expanding concepts of taxonomy, Dr. 
Erdtman’s book will play a very important role by pointing the way 
to arrive at a host of new comparable facts about plants.—HERBERT L. 
Mason, Department of Botany, University of California, Berkeley. 


The Fern Genus Diellia: its Structure, Affinities and Taxonomy. 
By WarREN H. WaGNER JR. Univ. Calif. Publ. Bot. 26: 1-212. 1952. Plates 
1-21. 31 figures in text. University of California Press, Berkeley. $3.00. 

Diellia is an endemic genus of Hawaiian ferns. Wagner recognizes 
five species, of which one, D. unisora (p. 160), is described as new. 
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Considering the size and limited range of the genus, Diellia has re- 
ceived a remarkable amount of study. Most authors have treated it 
as a relative of Lindsaea. A minority have regarded it as Davallioid. 
A small minority have recognized it as Aspleniid. 

As a naval air navigator, Wagner had many opportunities to collect 
in Hawaii. After choosing Diellia as the subject of his doctor’s thesis, 
he spent two seasons in the field, visiting every known area of collec- 
tion. He made transplants from the field to California, and many 
cultures from spores. He also secured for study almost all past collec- 
tions, including types. 

He then compared Diellia (all species) with numerous representa- 
tives of the three families to which Dviellia has been ascribed. This 
study included habitat, complete life-histories, and complete mor- 
phology, including prothallia and sporophytes. The chromosome num- 
ber is 2n = 72, known to characterize Aspleniwm. His conclusion is that 
resemblances to Lindsaea are superficial or accidental results of con- 
vergent evolution. The resemblances to Davallia are inconsequential. 
All valid evidence shows affinity to Aspleniwm. More definitely, the 
affinity is to the “rock aspleniums,” typified by A. Trichomanes and 
including Ceterach and Camptosorus. 

In the reviewer’s prejudiced judgment, this is the model generic 
monograph, the kind foreshadowed by Milde’s “Equisetum,” in which 
the taxonomic element is the conclusion, but not the body of the work. 

An interesting detail of the conclusion is that the ornate “species,” 
D. Alexandri, found on three islands, has evolved independently on 
each island from D. erecta. Being triphyletic, it is not a taxon of any 
rank, even a variety, but merely a “forma.” E. B. CopELAND, Depart- 
ment of Botany, University of California, Berkeley. 


Flora of West Virginia. (Part I). By P. D. StRaAUSBAUGH and EarRL L. 
CorE. West Virginia University Bulletin, Series 52. June, 1952. $1.00. 

Up-to-date state and local floras are an important supplement to 
the regional floras or “field manuals” now in use in their appropriate 
areas. By treating fewer taxa, such state or local floras are easier for 
beginning students to use, especially if the descriptive material for 
each taxon is accompanied by a good illustration. By treating these 
taxa more completely—both taxcnomically and _ bibliographically— 
these smaller floras offer distinct advantages to the specialist or to the 
more advanced student of botany. Unfortunately, there are only a few 
such illustrated state floras, and these are usually quite expensive— 
well beyond the financial reach of most individual botanists and even 
beyond that of many of the less heavily endowed schools. Needless to 
say, this sharply limits their potential usefulness. 

With this in mind it was a very pleasant surprise to find, on review- 
ing this well-illustrated first volume of the Flora of West Virginia 
issued as a bulletin of the University of West Virginia, that it cost 
only one dollar. The authors intend two or three additional fascicles 
to complete the series. If these later fascicles sell for the same amount 
as the first, the entire illustrated set, treating “approximately 2,000 
species,’ will be available for less than five dollars. 

Part I of the series treats the Pteridophyta, the gymnosperms, and 
the monocotyledons growing without cultivation in West Virginia. 
The dichotomous keys to the genera and species appear well done, 
but the lack of a key to the families may handicap some students. 
The lack of an index in each volume will, at times, be a handicap 
to beginner and specialist alike, especially in reference to common 
names. Following the style of Fernald’s recent edition of Gray’s 
Manual, the meanings of all generic and specific names are included 
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as part of the treatment of these taxa. The illustrations appear to depict 
accurately the diagnostic morphological criteria of each series, and the 
drawings—usually opposite the descriptive material of a given species 
—are relatively large and are not crowded on the plates. These illus- 
trations have come from several sources and are therefore not always 
uniform as to style of labeling. This esthetic consideration, however, 
in no way detracts from their scientific accuracy or usefulness. The 
heavy paper cover is quite attractive and would suffice unless the book 
got extended use as a field manual. Even so, the volumes could be 
rebound and still cost much less than other floras of this type. It is 
hoped that this series will start a trend to take such illustrated floras 
out of the class of “collectors items” and put them in the hands of the 
interested people who need them. C. RITCHIE BELL, Botany Depart- 
ment, University of California, Berkeley. 


Downs and Dunes, Their Plant Life and Its Environment. By SIR 
EDWARD SALISBURY. Xlv + 328 pp., 100 figs., 32 plates. 1952. G. Bell and 
Sons, Ltd., London. 45 s. net. 

“Downs and Dunes” is an elaborately detailed account of the 
vegetation of the chalk downs, limestones, and sand dunes of Great 
Britain. Floristics and ecology are included as well as some of the 
dynamics of plant geography. The book is written in a very readable 
style, here discussing the situation in nature solely from observational 
evidence and there discussing a fact documented by experiment, thus 
reflecting an enormous amount of careful observation and investiga- 
tion. It is copiously illustrated with beautiful photographs and line 
drawings. In all, down to the abundant ecological notes on individual 
species, it is a very informative work. 

Although nowhere does the author so state them, conclusions as to 
geographic affinity seem to assume an overworked concept of unity 
in floristic origins that does not emphasize any coincidence in eco- 
logical requirements. One fails to grasp any other meaning or purpose 
to such items as geographic elements (“Mediterranean element”) or 
components (“oceanic component”). 

Since the words “downs” and “dunes” come from exactly the same 
etymological root, the American reader not at home with the word 
“down” would have liked to have had a clearer presentation of the 
geographical or ecological connotation of “downs versus dunes.” One 
pieces tgether that the downs are on chalk that is almost pure calcium 
carbonate and the duner are of sand largely of mixed calcereous and 
siliceous origin. —-HERBERT L. Mason, Department of Botany, Univer- 
sity of California, Berkeley. 
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A NEW CLASSIFICATION OF THE TRIBE 
CICHORIEAE, FAMILY COMPOSITAE 
G. LEDYARD STEBBINS, JR. 
INTRODUCTION 


The monumental monograph of the genus Crepis by Bab- 
cock (1947) showed brilliantly how newer information from 
genetics, cytology, and distribution can be integrated with the 
more classical discipline based on gross morphology to produce 
a natural classification of a large group of plants, and to gain 
added insight into its interrelationships and evolution. From 
1935 to 1939, the present writer was engaged in a study of the 
relatives of Crepis, in order to make clear the position of this 
genus in its tribe and family. Essentially the same techniques 
were employed as those used by Babcock, except that hybridi- 
zations were not attempted. Since the genera of the tribe 
Cichoriae are so remotely related to each other that few inter- 
generic hybrids involving them have ever been obtained, hy- 
bridization attempts would contribute little to a clarification 
of intergeneric relationships. 

The writer’s studies led him rather quickly to the conclu- 
sion that the accepted classification of the tribe Cichorieae, 
namely that by Hoffmann (1891) in “Die naturlichen Pflan- 
zenfamilien,” is artificial in many respects, and that a new 
classification of the tribe is needed. The present attempt was 
made in conjunction with a survey of the chromosome numbers 
in the tribe, which is published elsewhere (Stebbins, Jenkins 
and Walters, 1953). 


PREVIOUS CLASSIFICATIONS OF THE TRIBE CICHORIEAE 


The Cichorieae, or Cichoriaceae, were first recognized as a 
natural group (“Ordo”) by de Jussieu (1789) and since that 
time have always been considered as the most distinctive and 
easily recognizable subdivision of the family Compositae, or 
by some authors as a separate family. On the other hand, dif- 
ferent systems of classification have varied greatly in their 
subdivision of the tribe. Jussieu recognized five subdivisions, 
but defined them rather poorly. Nevertheless, he used the two 
characters, namely presence or absence of receptacular paleae, 
and character of the pappus, which have by all more recent 
authors been regarded as the most important diagnostic char- 
acters. Don (1825) made an entirely different arrangement of 
the genera, using in addition to the characters of Jussieu, also 
the character of the involucre, of the anther appendages, and 
of the stigmas. His system is particularly artificial in respect 
to his tribes Hypochaerideae and Lactuceae. The former con- 
tains the modern genus Hypochaeris, plus two species, placed 
in the genera Agenora and Soldevilla, which are now recog- 
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nized as species of Crepis. The bulk of Crepis is placed in the 
tribe Hieracieae, while Leontodon and Picris, the nearest rela- 
tives of Hypochaeris, are placed by Don in the tribe Taraxaceae. 
Don’s tribe Lactuceae contains, besides genera now included 
in Lactuca and Sonchus, also Chondrilla, Lygodesmia, and 
Barkhausia, of which the latter “genus” is now united with 
Crepis. 

The next treatment, that of Lessing (1832) recognized seven 
subtribes, which in many respects resemble those of the well- 
known later treatment by Hoffmann. Lessing, however, placed 
as much emphasis on the presence or absence of receptacular 
paleae as he did on the nature of the pappus, and attempted 
to distinguish between those genera having a fine, caducous 
pappus on the one hand, and those with a coarse, persistent 
pappus on the other. As a result, he separated the modern 
genus Hypochaeris into a separate subtribe from its close rela- 
tives Leontodon and Picris; and divided the genus Crepis, as 
recognized by modern authors, into several “genera,” which 
are distributed between the subtribes Lactuceae and Hiera- 
cieae. DeCandolle (1838) recognized Lessing’s seven subtribes, 
and added an eighth, the Rodigieae, an entirely artificial aggre- , 
gation of groups with a paleaceous receptacle and a capillary, 
non-plumose pappus. 

George Bentham, one of the outstanding students of the 
Compositae of the last century, made no attempt to subdivide 
the tribe Cichorieae. In Bentham and Hooker’s Genera Plan- 
tarum (1872) the genera are listed without subtribe headings. 
Bentham followed the same course in his (1873) discussion of 
the phylogeny and geographic distribution of the Compositae, 
though he did suggest intergeneric relationships in discussing 
geographic distribution. 

Finally Hoffman (1891) made the systematic arrangement 
best known to present day botanists, and the one on which 
the treatment in most modern floras is based. He recognized 
five subtribes. The first, the Scolyminae, agreeing with that 
of Lessing, contains only the genus Scolymus. The second, the 
Dendroseridinae, was erected for two anomalous arboreal in- 
sular genera, Dendroseris of Juan Fernandez, and Fitchia of 
the South Sea Islands. The Cichorinae unites the Hyoserideae 
and Lampsaneae of Lessing, so as to include all of those genera 
with paleaceous or coroniform pappus, or with epappose fruits. 
The Leontodontinae unites the Hypochaerideae and Scorzon- 
ereae of Lessing, including all genera with the pappus consist- 
ing of plumose bristles. Finally, the Crepidinae of Hoffmann 
unites the Lactuceae and Hieracieae of Lessing, and includes 
all genera with capillary, non plumose pappus. 

Hoffmann’s system, therefore, differs from Lessing’s in little 
except in the fact that Hoffmann does not consider either the 
differences between the presence or absence of a pappus, or 
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between the presence or absence of receptacular paleae, to be 
of subtribal significance. Hoffmann’s system, therefore, is based 
almost entirely upon a single character, the nature of the 
pappus. 

The artificiality of such a system has been brought out strik- 
ingly by the writer’s studies of pollen grains, stigmas, and 
particularly chromosomes, in conjunction with geographic dis- 
tribution and the general growth habit of the plants. This 
artificiality is particularly evident in the genera of the New 
World. An example is the complex consisting of Microseris 
(including Scorzonella and Uropappus), Apargidium, Agoseris, 
and Phalacroseris. All of these genera agree in having short 
thick stigma branches, a peculiar orange color to the mass of 
pollen grains, and eighteen chromosomes, except for occasional 
polyploids. In the long-lived perennial species of these genera, 
the chromosomes are all similar in size and shape. Furthermore, 
the species resemble each other in general growth habit, and 
all have their main distribution in western North America. 
Yet the pappus in Microseris is paleaceous; in Apargidium it 
consists of coarse, fragile, dark colored bristles; in Agoseris 
it consists of white bristles, which may be either coarse or fine; 
while in Phalacroseris it is absent. The connection between 
Microseris and Agoseris is particularly close. Microseris troxi- 
moides, which has numerous very narrow pappus paleae, is 
closely similar in general habit of growth to Agoseris cuspidata, 
in which the pappus consists of very coarse trichomes, hardly 
different from the paleae of M. troximoides. Yet Hoffmann 
places Microseris, along with Phalacroseris, in the Cichorinae, 
while Agoseris and Apargidium are placed in the Crepidinae. 

In other places, Hoffmann appears to contradict his own 
classification. Thus Zacyntha and Heteracia are both placed in 
the Cichorinae along with genera having a paleaceous pappus, 
although in both the pappus is described in the generic descrip- 
tion as “borstig.” Babcock (1947) after careful study of the 
single species of the genus Zacyntha, concluded that the genus 
should be merged with Crepis, while the writer’s study of 
Heteracia has shown that it belongs in the Crepidinae near to 
Chondrilla, which it resembles closely in involucres and 
achenes. 


POSITION OF THE TRIBE CICHORIEAE 


In the opinion of the present writer, the Cichorieae should 
be treated, as they are by most systematists, as a tribe of the 
family Compositae, rather than as a separate family. The latter 
treatment is unwise for two reasons. In the first place, the 
morphological gap between the Compositae as a whole and 
any other plant family is far greater than that between the 
Cichorieae and the rest of the Compositae. Secondly, there are 
a few genera which form partial transitions between the two 
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groups. Within the tribe Cichorieae itself, the genus Scolymus 
resembles the Cynareae in its thistle like habit of growth, and 
in possessing oil ducts. Gundelia, an anomalous genus of the 
Arctotidae, agrees with Scolymus in its thistle like growth 
habit, and in possessing latex canals as well as oil ducts. The 
ligulate corolla, which is so distinctive a characteristic of the 
Cichorieae, is found also in Stokesia of the Vernonieae and in 
some genera of Mutisieae. Finally the echinolophate pollen 
grain, another characteristic distinctive of most genera of 
Cichorieae, is found also in the Vernonieae. There is, therefore, 
no single characteristic found in the Cichorieae which does not 
occur in other genera of Compositae. 

On the other hand, the Cichorieae cannot be allied to any 
other single tribe of Compositae. In corolla shape they are 
nearest to the Mutisieae; in anthers, stigmas, and pollen grains 
they are nearer to the Vernonieae. They resemble both of these 
tribes in having alternate leaves, and in the general character 
of their involucres. But there are no direct connections between 
the Cichorieae and either the Vernonieae or Mutisieae, so that 
the similarities observed may not indicate any real relationship. 
The best assumption at present is that the ancestors of the > 
Cichorieae became separated from the ancestors of the rest 
of the Compositae at a very early date in the evolution of the 
family, before the present day tribes had become well defined. 


CHARACTERS USED IN THE PRESENT STUDY 


As have all previous workers, the writer has found the 
pappus to be the most useful single character for subdividing 
the tribe. Nevertheless, as has been mentioned above, it cannot 
be used as a major diagnostic character in all instances, since 
there are several examples of genera which are closely similar 
in all other respects but differ in the nature of their pappus. 
In particular, the absence of a pappus is a very poor criterion 
of affinity, since this structure seems to have been lost in several 
different and independent lines of evolution. Consequently, the 
epappose genera placed by Lessing in the Lampsaneae and by 
Hoffmann in the Cichorinae, have by the present writer been 
scattered elsewhere through the system, according to the 
position of the genera which they most nearly. resemble in other 
characteristics. 

The morphological characters most valuable next to the 
pappus are the shape of the stigma branches and the character 
of the pollen grains. In nearly all genera of Cichorieae native 
to the Old World, the stigma branches are long and slender, 
but in most of the genera endemic to the New World, they are 
short and blunt. In respect to pollen grains, the Old World 
genera nearly all have grains bearing the pattern of surface 
markings characterized by Wodehouse (1935) as echinolophate, 
and consisting of ridges bearing spines. In many of the New 
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World genera of Cichorieae, on the other hand, the pollen 
grains are merely echinate, as they are in most of the other 
tribes of Compositae. 

An accessory character which has been helpful in many 
instances is the nature of the indumentum on the plant as a 
whole. Four different types of trichomes occur in the various 
genera of the tribe. Those found most often, and present on 
some part of the plant of nearly every species, are slender, 
appressed, usually crisped and often much elongated hairs, 
which may form either a fine or coarse and arachnoid tomen- 
tum. Next in frequency are spreading hairs, which vary from 
rather fine structures to coarse, broad-based bristles. These give 
a hirsute character to the plant. They are found in the majority 
of the Old World genera, but are absent from nearly all of the 
genera endemic to the New World. The third type are coarse, 
spreading, trichomes which are forked or stellate at the apex. 
These are best developed in the genus Leontodon, but occur 
also in other Leontodontinae. Finally, there occur coarse, 
spreading trichomes with glands at the apex. These are usually 
confined to the peduncles and involucres. Although the occur- 
rence of a particular type of indumentum can never be used 
as a primary diagnostic character of a tribe or genus, neverthe- 
less genera which resemble each other in general habit, in 
geographic distribution, and in their chromosomes often have 
a similar indumentum, so that this character can be used to 
supplement other characters. 

As in the genus Crepis itself, the karyotype has in many 
instances proved to be a valuable clue to the affinities of the 
various genera. The basic haploid chromosome number has 
proved to be the most valuable, followed by the size. The 
morphology of the somatic chromosomes is in general more 
valuable in determining the relationships of species within a 
genus, than the position of genera within the tribe. 


DIFFERENCES BETWEEN THE PRESENT CLASSIFICATION 
AND PREVIOUS ONES 


The principal difference between the present classification 
of the tribe Cichorieae and those previously proposed is that 
the present writer has not distributed the genera into a few 
major subdivisions based on one or two easily recognized “key 
characters,” but has considered each genus separately, placing 
it nearest to those genera which it most nearly resembles in 
respect to the largest number of characteristics of external 
morphology, plus the nature of the chromosomes and the geo- 
graphic distribution. In addition, genera have been placed near 
each other if they are connected by transitional species, even 
if the most typical species of the genera concerned are very 
different in a number of characteristics. An example of this 
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treatment is the placing of Microseris and Agoseris next to each 
other. This method has resulted in a classification which can- 
not be expressed in the form of an artificial key, since the char- 
acter combinations which characterize the major subdivisions 
are often difficult to determine on the usual type of herbarium 
specimen available. For this reason, no artificial keys to sub- 
tribes or to genera have been attempted. In his work of identi- 
fication, the writer has found that the keys used in the various 
regional floras and manuals are quite adequate for identifica- 
tion purposes, even though they often do not place related 
genera next to each other. 

The chief innovation by the present writer has been the 
erection of two new subtribes endemic to the New World, the 
Stephanomerinae and Malacothricinae. This has been the direct 
outcome of the emphasis on chromosomes and geographic distri- 
bution plus consideration of pollen grain and stigma characters. 
The reasons for this treatment will be discussed below. 


SUBDIVISIONS OF THE TRIBE CICHORIEAE 


The tribe Cichorieae can be divided into eight subtribes, 
as follows: 


SUBTRIBE 1. Scolyminae. Plants thistle-like; receptacle with 
broad, chaffy paleae which enclose the achenes; oil ducts as 
well as latex canals present; pappus of a few, coarse bristles; 
pollen grains echinolophate. Basic chromosome number, x—10. 
One genus, Scolymus, Mediterranean. The isolated position of 
this genus, which has been placed in a subtribe by itself by all 
previous workers, is borne out by its chromosome number, 
which is different from the basic number of any other genus 
in the tribe. In the thistle-like habit, as well as in the possession 
of oil ducts, Scolymus is transitional toward genera of the 
Cynareae and Arctotidae. | 


SUBTRIBE 2. Cichorinae. Plants various in habit, but usually 
bearing coarse, broad based, non-glandular trichomes; recep- 
tacle paleaceous in Hymenonema, bristly in Catananche, gla- 
brous in the other genera; flowers blue or yellow; achenes (ex- 
cept in Koelpinia) short, turbinate or columnar, truncate at 
the apex; pappus usually consisting of paleae or awns, or absent, 
bristly only in Tolpis; pollen grains echinolophate, the pollen 
mass pale yellow in color; stigma branches mostly elongate. 
Basic chromosome number in most genera x=—9, in Hyoseris 
x—8, unknown in Hymenonema, Haenseleria, and Hispidella. 
Nine genera, all primarily Mediterranean, with Tolpis extend- 
ing to central and south Africa, with Koelpinia extending to 
central Asia, and with species of Cichorium and Arnoseris oc- 
curring in many regions as introduced weeds. The following 
genera are included: Hymenonema, Catananche, Cichorium, 
Haenseleria, Tolpis, Hispidella, Arnoseris, Koelpinia, Hyoseris. 
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This subtribe is a relatively small one, since only two of its 
genera, Cichorium and Tolpis, with seven to eight and fifteen 
to twenty species respectively, contain more than five species. 
It is, furthermore, a relatively heterogeneous subtribe. The 
genera Hymenonema, Catananche, and Cichorium are all rather 
closely related to each other, as are also Tolpis, Hispidella, 
Arnoseris, and probably Koelpinia. But these two groups of 
genera have relatively little in common, and in fact Tolpis and 
its relatives appear in many respects to be related to Hieracium 
of the subtribe Crepidinae. The small genera Haenseleria and 
particularly Hyoseris occupy isolated positions, showing no 
clear relationships to any other genus. 


SUBTRIBE 3. Microseridinae. Plants mostly low in stature, tending 
to be acaulescent or with few heads per stem; mostly glabrous, 
sometimes appressed tomentose, rarely with a few glandular 
hairs, but never hirsute; receptacles never paleaceous or setose; 
flowers yellow; achenes various in shape; pappus of paleae, 
awns, setae, or absent; pollen grains echinolophate, the pollen 
mass bright orange in color; stigma branches short and blunt. 
Basic chromosome number x—9, x=—6, and x5. Seven genera, 
all except Picrosia predominantly or entirely North American, 
with Agoseris and Microseris containing species in South Amer- 
ica, and one species of Microseris in Australia. The writer fol- 
lows Shinners (1947) in uniting Serinia with Krigia. 

Contains the following: Microseris, Phalacroseris, Apargidium, 
Agoseris, Krigia, Pyrrhopappus, and Picrosia. 

The recognition of this subtribe is based primarily on the 
fact that the first four genera mentioned are closely similar in 
general habit of growth, geographic distribution, and chromo- 
somes, and are connected by transitional species. The only 
technical characters which separate them from the Cichorinae 
are the short, blunt, and rather broad stigma branches, and the 
peculiar orange color to the pollen mass, which is due to the 
presence in the anthers of some sort of oily or fatty substance. 
Krigia and Pyrrhopappus share with these four their pubes- 
cence, stigma, and pollen characters, and are likewise North 
American, although they occur on the eastern rather than the 
western side of that continent. The monotypic genus Picrosia, 
of eastern temperate South America, is closely related to Pyrr- 
hopappus, of which it is probably a specialized offshoot. 


SUBTRIBE 4. Stephanomerinae. Plants varying in habit from 
shrubs to small annuals; mostly glabrous, but some species 
appressed-tomentose, none hirsute with spreading hairs; recep- 
tacle paleaceous in Pinaropappus, bristly in some species of 
Malacothrix, naked in the other genera; flowers pink, white, 
or less often yellow; achenes cylindric, fusiform, or beaked, 
never flattened; pappus setose (absent in Atrichoseris), the 
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setae either plumose or non-plumose; pollen grains echinate, 
except in three or four species of Lygodesmia; stigma branches 
mostly short. Basic chromosome numbers x=9, 8, 7, and 6. 
Eleven genera, all North American (except for Thamnoseris) : 
Stephanomeria, Chaetadelpha, Lygodesmia, Thamnoseris, Pin- 
aropappus, Malacothrix, Rafinesquia, Anisocoma, Calycoseris, 
Glyptopleura, Atrichoseris. 

The genera of this subtribe are rather diverse in both 
general habit and technical characters, and there is no single 
diagnostic character by which they can be distinguished. The 
great majority of the species differ from all of the Old World 
species and genera to which they have previously been related 
by their echinate pollen grains, the pollen grains of the Old 
World genera being echinolophate except for some species of 
Soroseris (Stebbins, 1940). This character breaks down, how- 
ever, in Lygodesmia, since L. runcinata, L. grandiflora, L. 
aphylla, and L. texana all have echinolophate pollen grains. 
A second character is that in most species of the Malacothri- 
cinae the stigma branches are shorter than in most species of 
the Leontodontinae, Scorzonerinae, and Crepidinae, the Old 
World subtribes in which they might be placed. But in species 
of Pinaropappus and Lygodesmia the stigma branches are dis- 
tinctly elongated, while in some Old World species they are 
relatively short. 

Nevertheless, these New World genera have certain features 
of general habit which relate them individually to each other 
more closely than any of them appear to be related to genera 
of the Old World. For instance Stephanomeria, with plumose 
pappus bristles, appears to be more similar to Lygodesmia, 
which has non-plumose bristles, than to any genus of the 
Leontodontinae, in which it is placed by Hoffmann. Similarly 
the plumose bristled Anisocoma resembles the annual species 
of Malacothrix more than any species of Leontodontinae. If 
these genera with few and stout, plumose pappus bristles were 
placed into the Crepidinae along with the apparently related 
North American genera having numerous, slender non-plumose 
bristles, then the chief distinction between the Leontodontinae 
and Crepidinae would disappear. Since these New World 
genera do not seem in other characters to represent intergrades 
between the Old World Leontodontinae and Crepidinae, but 
rather independent evolutionary lines which are offshoots from 
some extinct common ancestor, their recognition as a separate 
subtribe fits best with their probable phylogenetic relationships. 
Their chromosomes bear out this treatment. Although diverse 
in both basic chromosome number and chromosome morphol- 
ogy, the karyotypes of these genera do not resemble those of 
any genera of Leontodontinae or Crepidinae. 

Two rather different groups of genera can be recognized 
in the subtribe Stephanomerinae. One, consisting of Stephano- 
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meria, Lygodesmia, and Chaetadelpha, contains plants which 
are usually much branched, with leaves reduced in size, and 
with narrow heads containing few florets. Shinners (1950) 
has recently merged Stephanomeria with Lygodesmia, but in 
the writer’s opinion these two genera are no closer to each 
other in the sum total of their habital and floral characteristics 
than are many other pairs of generally recognized genera of 
the Cichorieae. In addition to the pappus, differences exist 
between most species of the two genera with respect to the 
character of the pollen grains, the length of the stigma 
branches, and the size and shape of the achenes. Tne little 
known genus Thamnoseris, endemic to the small islands San 
Felix and San Ambrosio, off the coast of Chile, appears related 
to this group. Although its geographic distribution is near to 
that of Dendroseris, Thamnoseris appears to have cylindric 
achenes like those of Stephanomeria rather than the irregular, 
strongly flattened type of achene characteristic of Dendroseris, 
and so does not fit well into the Dendroseridinae. The small 
genus Rafinesquia, of the southwestern United States, although 
somewhat isolated in position, is probably nearer to Stephano- 
meria than to any other genus, and agrees with Stephanomeria 
in having the basic chromosome number x8. 

The second group of genera contains Malacothrix plus four 
small genera of the southwestern deserts, Anisocoma, Atricho- 
seris, Calycoseris, and Glyptopleura. These are all annual herbs 
except for three or four species of Malacothrix. They are rela- 
tively little branched, and have heads with numerous florets. 
The remaining genus of the subtribe, Pinaropappus, resembles 
Stephanomeria in general habit, but in its many flowered heads 
is more like Malacothrix. It is, however, wholly distinctive 
among New World genera of the Cichorieae in its paleaceous 
receptable and strongly beaked achenes, while it is the only 
genus of the tribe of which the distributional center is in 
Mexico. 


SUBTRIBE 5. Dendroseridinae. Shrubs or trees up to seven meters 
tall, with large, entire or pinnatifid leaves. Inflorescences and 
involucres very diverse in appearance and size; receptacle 
naked; flowers mostly white; achenes irregular in shape, flat- 
tened; pappus of relatively few, coarse, non-plumose setae; 
pollen grains echinate; stigma branches short or somewhat 
elongated. Basic chromosome number, x9. One genus, Den- 
droseris, endemic to the Juan Fernandez islands. 

The genus Dendroseris resembles the Stephanomerinae in 
most of its characteristics, particularly its pollen grains, and is 
probably a specialized offshoot from some primitive member 
of that tribe. Nevertheless, its distinctive habit and peculiar 
achenes set it off so well from any living genus of Stephano- 
merinae, with the possible exception of Thamnoseris, that the 


74 MADRONO [Vol. 12 


best course is to follow Hoffmann and place it in a separate 
tribe. This treatment is supported by the chromosome studies. 
The species of Dendroseris investigated have in their somatic 
cells thirty-six small chromosomes, very different in appear- 
ance from those of any other New World member of the 
Cichorieae. 

Skottsberg (1951) has recently suggested that Dendroseris 
should be divided into four genera, two of which he describes 
as new. He has based this decision partly upon their great 
diversity in certain characters of external morphology, and 
partly upon characters of the pollen grains, provided by Wode- 
house and Erdtman. In the writer’s opinion, this splitting is 
unwise. The diversity in external morphology among the spe- 
cies of Dendroseris is no greater than that found within many 
genera of the Compositae, and less than that in Sonchus and 
Lactuca. In respect to the pollen grains, the writer (Stebbins, 
1940) showed that the two sections of the central Asiatic genus 
Soroseris have pollen grains which differ from each other to 
about the same degree as those of the sections of Dendroseris 
which Skottsberg proposes to recognize as genera. In Prenan- 
thes, the central African species P. subpeltata has pollen grains 
which differ from those of typical Prenanthes more than the 
sections of Dendroseris differ from each other, and the same 
is true of the different sections of the American genus Lygo- 
desmia. Hence none of the differences between the sections of 
Dendroseris would force us to recognize them as genera. 

In the writer’s opinion, the chief reason for recognizing 
new genera among well known species previously grouped 
together is different from any suggested by Skottsberg. If a 
particular group of species is well set off in respect to several 
characters from all other species of the genus to which it is 
traditionally assigned, and shows such clear relationships to 
other genera that it might as well be assigned to them, then 
its recognition as a distinct genus is well justified. This is true 
of the new genera of Cichorieae recognized by Babcock and 
the writer, as well of the old genera revived and redefined, 
such as Youngia, Dubyaea, Soroseris, Aethiorrhiza, and Cicer- 
bita. But this is not true of the sections of Dendroseris. Although 
they appear distinct from each other in respect to a number of 
characteristics, they all resemble each other far more closely 
than any of them resembles any other genus of Cichorieae. 
This holds for chromosome number and morphology, so far 
as known, as well as for external characters. They are thus 
much more easily dealt with as a single unit than as four 
separate units with different names. 

Hoffmann includes in the tribe Dendroseridinae also Fitchia, 
a genus of three species of arboreal Compositae endemic to 
certain islands of the South Pacific. After careful examination 
of excellent herbarium material of Fitchia speciosa in the 
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herbarium of the University of California, the present writer 
agrees with those authors who consider that Fitchia does not 
belong in the tribe Cichorieae at all. The only character in 
which it resembles the Cichorieae is the ligulate corolla, and 
even here the resemblance is only superficial .The corolla of 
Fitchia is very deeply and irregularly lobed, with the lobes 
strongly pubescent at the apex. Furthermore, it is traversed 
by a complex system of vascular bundles, in striking contrast 
to the simple pattern of venation found uniformly throughout 
the Cichorieae. Actually, Fitchia contains a combination of 
characters not found in any other genus of Compositae, and 
has many very primitive features. In the writer’s opinion, it 
should be placed in a tribe by itself, which shares characters 
of the Heliantheae and Mutisieae, two tribes which otherwise 
are nearly at opposite ends of the system of the Compositae. 


SuBTRIBE 6. Scorzonerinae. Perennial, biennial, or annual herbs; 
glabrous or appressed-tomentose, never hirsute; leaves mostly 
linear or elliptic, and entire, their principal veins parallel; 
involucres rather large; receptable naked; flowers pink, white 
or yellow; achenes cylindric, fusiform, or beaked; pappus of 
elongate, coarse, strongly plumose setae; pollen grains echino- 
lophate; stigma branches elongate. Basic chromosome numbers, 
x=7 and x=6. Scorzonera, Tragopogon, and Torneuxia, native 
to Eurasia and North Africa. 

The Scorzonerinae differ from the Leontodontinae, in which 
they have been placed by Hoffmann, by their lack of hirsute 
pubescence, their relatively large and pale achenes, the elon- 
gate, interlaced trichomes or plumes on their pappus bristles, 
and particularly in their distinctive habit and leaves. There 
are no genera transitional between the Scorzonerinae and 
Leontodontinae. In fact, the most generalized species of Scor- 
zonera, such as S. divaricata of Central Asia, resemble Stephan- 
omeria and Lygodesmia, of the Stephanomerinae, in both habit 
of growth and adaptation to xeric habitats, as well as in their 
achenes. The Scorzonerinae are certainly a specialized group, 
but appear to have been derived from some group nearer to 
the Stephanomerinae than to the Leontodontinae or their 
ancestors. 


SUBTRIBE 7. Leontodontinae. Perennial or annual herbs, mostly 
with coarse, spreading, hirsute pubescence, the hairs often 
forked; involucres various in size and appearance; receptacle 
paleaceous or naked; flowers nearly always yellow; achenes 
mostly fusiform or beaked; pappus of coarse, plumose setae, 
or occasionally paleaceous or coroniform; pollen grains echi- 
nolophate; stigma branches elongate. Basic chromosome num- 
bers, x=7, 6,5, 4, and 3. Seven genera, all predominantly Medi- 
terranean, with Hypochaeris extending to eastern Asia and 
South America, Picris to eastern Asia, and with species of 
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nearly all of the genera introduced as weeds into various 
regions of the world. Includes the following: Hypochaeris, 
Leontodon, Picris, Urospermum, Hedypnois, Garhadiolus, Rha- 
gadiolus. 

As recognized here, the Leontodontinae are a relatively 
small, closely knit group. In general habit as well as distribu- 
tion, they resemble certain genera of the Crepidinae, particu- 
larly Hieractwm and Crepis. This resemblance also extends to 
the pollen grains, stigmas, and chromosomes. Nevertheless, 
there is little reason to believe that the modern Crepidinae 
are descended from the modern Leontodontinae or vice versa. 
As will be pointed out below, most of the genera of Crepidinae 
can be traced back, on the basis of evidence from both external 
morphology and chromosomes, to the genus Dubyaea, which 
in all respects except for its receptacle and pappus is more 
primitive than any genus of Leontodontinae. The most primi- 
tive genus of this latter tribe, Hypochaeris, because of its palea- 
ceous receptacle and few, course pappus bristles, cannot be 
derived from Dubyaea or any other genus of Crepidinae. Fur- 
thermore, the coarse, often forked trichomes which form the 
most common type of indumentum in the Leontodontinae are 
found more often in the Cichorinae than the Crepidinae, and 
suggest a connection between the Leontodontinae and the 
Cichorinae. 

The writer has transferred to the Leontodontinae three 
small genera which Hoffmann placed in the Cichorinae, namely 
Hedypnois, Garhadiolus, and Rhagadiolus. The most primitive 
species of these genera resemble Leontodon and Picris in growth 
habit, involucres, and achenes, as well as chromosome number 
and morphology. Hoffmann placed them in the Cichorinae 
because their pappus is mostly paleaceous, coroniform, or ab- 
sent, rather than consisting of plumose bristles. In Leontodon, 
however, there are several species in which the marginal 
achenes of the head have a paleaceous or coroniform pappus, 
whereas in certain species of Hedypnois and Garhadiolus the 
“paleae” composing the pappus are actually coarse bristles 
which may or: may not be somewhat broadened at the base. 
Rhagadiolus is a highly specialized derivative of Garhadiolus 
in which the mature achenes and inner involucral bracts are 
much elongated, and the pappus has become lost. 


SUBTRIBE 8. Crepidinae. Plants various in habit, from much 
reduced annuals to small trees; involucres and achenes like- 
wise various; pappus of numerous coarse or fine non-plumose 
setae; stigma branches elongated; pollen grains echinolophate, 
except in Soroseris and one species of Prenanthes. Basic chro- 
mosome numbers x=9, 8, 7, 6, 5, 4, and 3. Twenty-five genera, 
all predominantly Eurasian except for Launaea, Sonchus, and 
Dianthoseris, which are chiefly or entirely in Africa; but with 
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species of various genera widespread in all other continents 
and insular regions either as indigenous or introduced mem- 
bers of the flora. 

The Crepidinae form by far the largest subtribe of the Ci- 
chorieae, since their species far outnumber those of all of the 
other subtribes put together. They are also the most diverse 
in every respect, and contain species with many primitive 
characteristics as well as highly specialized ones. In all of their 
morphological characteristics, the species of the central Asiatic 
genus Dubyaea are the most primitive of this subtribe, and 
furthermore, different species of Dubyaea show clear resem- 
blances and apparent relationships to various large and well 
recognized genera of the Crepidinae, such as Lactuca, Crepis, 
Youngia, Prenanthes, and Hieracitum (Stebbins, 1940). In each 
of these larger genera, there are certain primitive species which 
resemble Dubyaea in various ways, and other species which 
are progressively more specialized in respect to the vegetative 
and floral characteristics listed in the discussion section, and 
more characteristic of the genera to which they belong. Our 
present knowledge of the interrelationships of the genera of 
Crepidinae is, therefore, best expressed by recognizing a series 
of phylogenetic lines which radiate outward from the primitive 
genus Dubyaea. This genus and its relative Soroseris, which 
forms the first of the radiating lines, have both been carefully 
described in a previous publication (Stebbins, 1940). The re- 
maining lines are as follows. 

Launaea-Sonchus line. Contains Launaea, Sonchus, Reich- 
ardia, Aethiorrhiza, and Dianthoseris. Launaea and Sonchus are 
both relatively large genera of which the greatest concentra- 
tion of species is in Africa. The boundary between them is 
obscure, and cannot be accurately established until the African 
species of both genera have been carefully studied. Some 
species placed in Sonchus by Fries (1925) such as S. rarifolius 
Oliv. et Hiern. and S. nanus Sond., have characteristics of in- 
volucres, achenes, and the vascular anatomy of the ovary 
which indicate that they almost certainly belong in Launaea. 
The position of the monotypic genus Aethiorrhiza, of which 
the only species, A. bulbosa (L.) Cass., has often been placed 
in Crepis, has been fully discussed by Babcock and Stebbins 
(1943). Dianthoseris, endemic to the high mountains of central 
Africa, may not be distinct from Launaea. 

The most conspicuous diagnostic character of the genera 
in this group is the type of pappus, consisting of coarse setae 
mingled with very fine, slender ones. In growth habit, its most 
primitive genus, Launaea, differs greatly from any species of 
Dubyaea, and certain species of Launaea resemble in this re- 
spect species of Lygodesmia. Since species of the latter genus 
also have unequal pappus bristles, there is some possibility 
that the Launaea-Sonchus line represents a group intermediate 
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between the Crepidinae and Stephanomerinae, although this 
is not evident at. all from the characteristics of its largest genus, 
Sonchus. 

Hieracium line. Contains the very large and widespread 
genus Hieracium plus Andryala, a small genus endemic to the 
western half of the Mediterranean region. The distinctive fea- 
tures of this line are the cylindric and truncate achenes, and 
the fragile, usually colored pappus setae. 

Prenanthes-Lactuca line. Contains Prenanthes, Faberia, 
Cicerbita, Cephalorrhynchus, and Lactuca. The most primitive 
members of this line are mesophytic herbs adapted to forests 
or subalpine meadows in the cooler parts of Eurasia. The spe- 
sies are predominantly tall, leafy stemmed plants with numer- 
ous heads. As recognized by the present writer, Cicerbita con- 
sists of three species, C. alpina (L.) Wallr. of northern and 
central Europe, C. Pancici (Vis.) Beauverd of the Balkans, and 
C. abietina (Boiss.) Stebbins of the Caucausus. It stands mid- 
way between Prenanthes and Lactuca. Another small genus, 
Cephalorrhynchus, contains four species of southeastern Europe 
and southwestern Asia. It is distinguished from Lactuca chiefly 
by its five-sided achenes, which are little or not all all com- 
pressed. The reasons for uniting Mulgedium, as recognized by 
Hoffmann, with Lactuca, are given elsewhere (Stebbins, 1937a). 
Faberia is very close to Prenanthes, and perhaps not distinct 
from that genus. 

Youngia-Ixeris line. Contains Youngia, Ixeris, Lapsana, 
Aposeris, Taraxacum, Chondrilla, Willemetia, Heteroderis, Het- 
eracia, and Acanthocephalus. This line is characterized by the 
glabrous or only slightly tomentose character of the plants, 
the differentiation of the involucral bracts into two markedly 
different series, the rather small achenes which in the last six 
genera are truncate and strongly tuberculate at the apex; and 
the small chromosomes. Lapsana and Aposeris, which are 
placed by Hoffmann in the Cichorinae, are regarded by the 
present writer as specialized offshoots of primitive members 
of the Youngia-Ixeris complex, in which the pappus is absent 
or much reduced. The reasons for keeping Youngia distinct 
from Crepis have been discussed by Babcock and Stebbins 
(1937), while Stebbins (19387b) has discussed the character- 
istics which relate Ixeris to Youngia rather than to Lactuca, 
with which genus it is united by Hoffman. The writer has else- 
where (Stebbins, 1937b) given his reasons for uniting the 
genera Crepidiastrum and Paraixeris with Ixeris. The genera 
Heteracia and Acanthocephalus, placed in the Cichorinae by 
Hoffmann, appear to the writer to be specialized offshoots of 
Chondrilla. The pappus of the inner achenes in Heteracia is 
setose, with setae similar to those of most genera of Crepidinae, 
while the inner achenes themselves are much like those of 
Chondrilla and Heteroderis. Although the best known species 
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of Acanthocephalus, A. amplexifolius. Kar. et Kir, has very 
anomalous involucres and achenes, A. Benthamianus Regel et 
Schmal. has involucres which when young are not very differ- 
ent from those of Heteracia, and its achenes are shaped like 
those of Heteracia and Chondrilla. 

Crepis line. Contains only the large genus Crepis. The 
phylogeny and relationships of this genus have been thoroughly 
discussed by Babcock (1947), who has stated in full his reasons 
for merging with it the genera Zacyntha, Rodigia, and Ptero- 
theca, which were recognized by Hoffmann. 


RELATIONSHIPS BETWEEN THE SUBTRIBES 


The amount of information which has been obtained on 
both morphological and cytological characteristics of the Ci- 
chorieae makes possible some suggestions as to the relation- 
ships between the subtribes of Cichorieae and of the trends 
of evolution which have taken place in the group. Most of the 
morphological and cytological criteria which serve as a basis 
for determining the relative primitiveness or advancement of a 
species or genus have been discussed by Babcock (1947, pp. 
42-48; 1950) and by the present author (Stebbins, 1940; Steb- 
bins, Jenkins, and Walters, 1953). If we go by these criteria, 
we find that there is no genus or species of Cichorieae which 
is primitive with respect to all of them. Some species of Dub- 
yaea are primitive in all respects except that they lack recep- 
tacular paleae, and possess a pappus of numerous bristles, 
rather than of relatively few paleae. Other genera which are 
relatively primitive are Hymenonema of the Cichorinae, Micro- 
seris, of the Microseridinae, and Hypochaeris of the Leonto- 
dontinae. When we compare these four genera with each other 
we find that they have relatively little in common, and the 
interrelationships between them are difficult to see. This sug- 
gests that divergent evolution had already progressed a con- 
siderable distance in the tribe before these modern genera 
originated, so that we must postulate the former existence of a 
whole series of types which are now completely extinct. This 
conclusion is further supported by the fact that the most primi- 
tive modern genera are found in regions geographically remote 
from each other. Hymenonema, along with the peculiar and 
much isolated genus Scolymus, occurs in the Mediterranean 
region; Hypochaeris extends from this region into central Asia, 
with an outlying and certainly derived group of species in 
South America; Dubyaea is in east Central Asia; while Micro- 
seris is in western North America. Because of this situation, 
the construction of a phylogenetic chart for the tribe would be 
highly speculative and misleading. 

We may nevertheless conclude from these studies that the 
general phylogenetic trends in external morphology and in 
the character of the chromosomes which Babcock has demon- 
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strated to have occurred in Crepis have also probably been 
characteristic of the tribe Cichorieae as a whole. Furthermore, 
the fact that the highlands of Central Asia are centrally located 
with respect to the distribution of the tribe as a whole, as well 
as its most primitive genera supports Babcock’s hypothesis 
that the entire tribe Cichorieae, as well as the genus Crepis, 
originated in this region. 

The time when this tribe originated cannot be inferred with 
any reasonable degree of probability. Babcock (1947, p. 131) 
produced evidence that Crepis originated in the early or middle 
part of the Tertiary period. Since the evidence summarized in 
this paper indicates that the tribe had already gone a long 
course of evolution before Crepis appeared, the origin of the 
tribe Cichorieae can hardly be placed at later than the begin- 
ning of the Tertiary or the end of the Cretaceous period. Its 
early evolutionary history will always be more or less obscure 
because of lack of evidence concerning the extinct forms, while 
the later history of the subtribes and genera will be clarified 
only as they become studied in the intensive manner which 
Babcock has applied to Crepis. 


Division of Genetics, 
University of California, Berkeley. 
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TAXONOMY AND CHEMISTRY OF THE WHITE PINES! 


N. T. Mrrov 
TAXONOMY 


The white pines comprise the section Haploxylon of the 
genus Pinus. According to Shaw (21), there are nineteen 
species of white pines. These he assigns to two subsections, 
Cembra and Paracembra. His subsections are further divided 
into groups of which five represent the white pines proper, 
and a sixth group, Cembroides, which represents the pinyon 
pines. Some botanists regard the white pines proper as a 
distinct genus separate from the pinyon pines, while others 
separate the section Haploxylon into three genera (15, p. 
11-13). Shaw’s classification of Haploxylon is as follows: 


SUBSECTION CEMBRA SUBSECTION PARACEMBRA 
Group Cembrae Group Gerardianse 
P. koraiensis Sieb. & Zucc. P. gerardiana Wall. 
P. cembra L. P. bungeana Zucc. 

P. albicaulis Engelm. Group Cembroides 
Group Flexiles P. cembroides Zucc. 
P. flexilis James P. pinceana Gord. 

P.armandi Franch. P. nelsoni Shaw 
Group Strobi Group Balfourianae 

P. ayacahuite Ehr. P. balfouriana Murr. 

P. lambertiana Dougl. P. aristata Engelm. 


P. parviflora Sieb. & Zucc. 
P. peuce Grisebach 

P. excelsa Hook. 
P.monticola Dougl. 

P. strobus L. 


1Contribution from the California Forest and Range Experiment 
Station, which is maintained by the Forest Service, United States 
Department of Agriculture, in cooperation with the University of 
California. The work reported in this paper was aided through a grant 
from the Rockefeller Foundation. 
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In the present paper Shaw’s interpretation of section Haploxy- 
lon is accepted, but twenty-six species are recognized instead 
of nineteen. The seven additional species result from the eleva- 
tion to specific rank of several pines that Shaw regards as mere 
varieties or as synonyms. These additional species are: P. sibir- 
ica Mayr., P. pumila Regal, P. pentaphylla Mayr., P. reflexa 
Engelm., P. monophylla Torr. & Frem., P. edulis Endl., and 
P. parryana Engelm. In the present paper the relationships 
between these twenty-six species are discussed in the light of 
their turpentine chemistry. 

Of the eleven Old World species of section Haploxylon, one 
occurs in western Europe (P. cembra) and one on the Balkan 
Peninsula (P. peuce). One (P. sibirica) is essentially a Siberian 
pine. One (P. pumila) occupies the northeastern part of Asia. 
The remaining seven occur in southeastern Asia. All but one 
of the fifteen New World species of Haploxylon are concen- 
trated in the western part of North America. This one is P. stro- 
bus, the typical phase of which occurs in the eastern part of the 
continent while P. strobus var. chiapensis occurs in the tropical 
parts of southeastern Mexico (Veracruz, Puebla, Oaxaca, and 
Chiapas). Thus, most of the white pines occur in southeastern 
Asia and southwestern North America. 

The taxonomy of the Old World pines appears to be rela- 
tively simple. An exception is the status of P. sibirica and 
P. pumila and perhaps also that of P. pentaphylla. On the 
contrary, the taxonomy of most of the New World white pines 
is rather confusing. For instance, Shaw’s Pinus cembroides: 
in our opinion consists of four species: P. monophylla, P. edulis, 
P. parryana, and P. cembroides. Apparently there has been a 
great deal of interbreeding among this group of pines. Another 
taxonomically ambiguous group is that which is commonly 
referred to as the Mexican white pine. In reality this group 
consists of typical P. ayacahuite, which, with its two varieties 
brachyptera Shaw and veitchii Shaw, grows as far south as 
Guatemala, and P. reflexa, which grows in Arizona, New Mex- 
ico, western Texas and has been reported from the states of 
Chihuahua, Durango, and Nuevo Leon of Mexico. 

The author has had the opportunity of studying P. reflexa 
in the Apache Indian Reservation, Arizona. It grows there 
at an elevation of about 8,000 feet in association with ponderosa 
pine, Douglas fir, and white fir, with occasional aspen and New 
Mexican locust underneath. In that locality P. reflexa is a tall, 
straight forest tree which resembles P. monticola rather than 
P. flexilis, a “low, thick-trunked much branched tree” (24, 
p. 7). Sudworth says that “in exposed, higher situations P. 
refleca has a general resemblance to the limber pine.” The 
synonymy of P. reflexa is rather confusing; some botanists 
call it P. strobiformis Sudw. (25, p. 14), others refer to it as 
P. ayacahuite var. brachyptera (20, p. 11, pl. 6). According to 
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Sudworth (24), Engelmann named a variant of P. ayacahuite 
as P. flexilis var. reflexa and four years later elevated it to the 
rank of species as P. reflexa, a name under which all Mexican 
white pines were long known to American botanists. In 1889 
Sargent (16) pointed out that P. reflexa and P. strobiformis 
were synonyms. Little (7) adopts Engelmann’s original classi- 
fication of it, namely P. flexilis var. reflexa. Dr. Maximino Mar- 
tinez, a profound student of the Mexican pines, is inclined 
to follow the later decision of Engelmann and call it Pinus 
reflexa (8), a decision in which we concur. In his “Los Pinos 
Mexicanos” (8, p. 117), Dr. Martinez displays in a diagram of 
the section Ayacahuites, his concept of the relations of this pine 
to other closely related white pines. Since P. monticola is not 
known from Mexico, it is not included in Martinez’s diagram. 


CHEMISTRY 


Erdtman (3) and his associates have shown that the section 
Haploxylon differs from the section Diploxylon in the compo- 
sition of the heartwood phenols. Pines of the Haploxylon sec- 
tion are characterized by stilbenes and dibenzyls as well as 
flavones and flavanones derived from phloroglucinol; the group 
Strobi, in addition, contains flavones and flavanones derived 
from methylphloroglucinol. Monomethy!] ether of inositol (pin- 
ite or pinitol) is present in all white pines (however, there is 
very little if any in P. aristata). 

Pines of the section Diploxylon possess stilbenes but not 
corresponding dibenzyls; flavanones are present but flavones 
are not. Pinitol is absent. The two sections are thus clearly 
distinguishable from each other biochemically. Unfortunately 
a further subdivision based on the heartwood phenols is pos- 
sible only in a few cases. 

In the present paper the author endeavors to discuss the 
chemical composition of the turpentines of the white pines 
(Pinus, section Haploxylon). However, it must be pointed out 
that the chemical picture is not yet complete. There are still 
eight pines in which the turpentines have not been analyzed. 
Some of these pines (P. armandi, P. bungeana) are difficult 
of access, and it appears that their turpentines may remain 
unknown for some time. 

It is not the author’s intention to devise a chemical classifica- 
tion for pines that would replace the existing morphological 
classification. The purpose of this paper is merely to show that 
there are spheres of chemical. relationship among different 
pines. This information along with other evidence may be used 
by botanists when the taxonomy of pines is revised. 

Turpentine is the volatile part of oleoresin, or pitch, of 
pines and other conifers. It is not a pure chemical substance 
but a mixture of several chemical compounds, mostly terpenes 
(Cy0Hi6) . 
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A major component of all pine turpentines is alpha-pinene. 
In the section Haploxylon only P. albicaulis lacks this turpene 
(6); all other white pines possess varying amounts of alpha- 
pinene, in some species up to 98 percent of the total amount of 
turpentine. Other terpenes—beta-pinene, limonene, delta-3- 
carene, terpinolene—occur in some white pines in smaller 
quantities. Sesquiterpenes (Ci;H2s) occupy a subordinate posi- 
tion; these are important in determining chemical relationships 
of the pines. Oxygen-containing terpene derivatives are rare 
and probably often of a secondary origin (oxidation during 
collecting, storing, and distilling the oleoresin) . 

Very interesting is the occurrence of saturated straight chain 
hydrocarbons, heptane (C;7Hi«) and undecane (C,H), in sev- 
eral white pines. These hydrocarbons are found also in some 
Diploxylon pines: ninety-five percent of turpentines of P. 
Jeffreyi and P. sabiniana consists of n-heptane. 

All Haploxylon pines and the chemistry of the turpentines 
of most of them are represented diagramatically in fig. 1. Solid 
line circles denote those pines whose turpentines have been. 
investigated; broken line circles represent the pines that have 
not yet been investigated. Rectangular boxes indicate groups 
of pines possessing a similarity of chemical composition of their 
turpentines. Solid lines indicate chemical relationship between 
different pines. Broken lines suggest a possible relationship. 
Numbers in parentheses refer to the literature references listed 
at the end of the article. 

In considering the turpentine chemistry of the white pines, 
we should keep in mind that the present composition of the 
section Haploxylon is probably very different from the com- 
position of its progenitors in previous geological periods. Pines 
probably originated during the Permian period, and the Ha- 
ploxylon pines were separated from the Diploxylon pines very 
early in history, perhaps during the Jurassic. No living species 
of pine occur in deposits older than those of Miocene (9), so 
we may assume that many connecting links between different 
pines have been lost in the past. For instance, the presence of 
saturated hydrocarbons in some pines is probably of a very 
ancient origin, and it is possible that in the past geological 
periods there were more pines containing saturated hydrocar- 
bons than now (23). Most such pines apparently disappeared 
long ago. 

Saturated carbons, which rarely occur in contemporary 
pines, are found in the following four species of the group 
Strobi: P. excelsa, P. monticola, P. reflexa, and P. ayacahuite. 
Undecane was discovered in P. excelsa of India by Simonsen 
and Rau (23). Later this hydrocarbon was found in P. monticola 
(4) and in some hard pines. Pinus reflexa (13) contains two 
saturated hydrocarbons, undecane and heptane, and a sesqui- 
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terpene—cadinene. The fourth species of this chemical group, 
P. ayacahuite, possesses heptane but no undecane (21). 

A bicyclic sesquiterpene occurring in P. ayacahuite is ap- 
parently identical with the sesquiterpene of P. parviflora. The 
presence of a bicyclic sesquiterpene in P. gerardiana (22) of 
Kashmir and Afghanistan suggests a chemical relationship 
of this pine to P. ayacahuite on one hand and to P. parviflora 
on the other. 

The presence of n-undecane in P. Tene recat reported by 
Schorger (17), has not been substantiated by more recent 
studies (10). This pine is difficult to cross with other white 
pines and it stands alone in chemical composition of turpentine. 
It is an endemic pine of California and Oregon, but apparently, 
judging by the physical constants of its turpentine, it possesses 
a considerable variability (2), and should be studied more 
intensively. It might be possible that its sesquiterpene alcohol 
(melting point 133° C.) is identical with the sesquiterpene 
alcohol of P. albicaulis. 

Pinus albicaulis occupies a unique position among the white 
pines. Morphologically it is grouped with P. cembra, P. sibirica, 
P. pumila, and P. koraiensis. The chemistry of its turpentine is 
the most complicated of all white pines linking it not to those 
species with which it is morphologically related, but to others. 
Pinus albicaulis turpentine contains a diterpene, and appre- 
ciable amounts of a sesquiterpene, albicaulene (6), the latter 
being found also in the turpentines of P. flexilis and P. parvi- 
flora (5). On the other hand its turpentine contains a sweet- 
smelling terpene, delta-3-carene, which is also found in P. 
sibirica, but is rare in other white pines. The presence of a 
sesquiterpene, cadinene, in P. albicaulis turpentine suggests 
a relationship of this pine with the P. cembroides complex. 

Pinus cembra (11) and related Eurasian pines shown on the 
top of the chart (fig. 1) have not been adequately studied. 
Nevertheless, it is evident that P. cembra, an alpine species of 
western Europe, is chemically different from the Eurasian 
P. sibirica. The latter pine, occupying an extensive area from 
Kola peninsula in northwestern Russia to beyond Lake Baikal 
in eastern Siberia, possesses several morphologically different 
varieties (such as P. coronans Litw.) as well as chemically dif- 
ferent varieties (14, 1). Pinus pentaphylla is now under investi- 
gation, but the two extremely interesting southeastern Asiatic 
species, P. armandi and P. bungeana, still remain unknown. 
It is to be expected that their turpentines are rather com- 
plicated. 

Pinus aristata and P. balfouriana belong, according to Shaw 
(21) to group Balfourianae, the foxtail pines. This group is 
represented on the left side of the chart (fig. 1). Chemically 
as well as morphologically these two pines have a great deal 
in common. The harmonious picture is slightly complicated by 
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our finding that P. balfouriana from northern California is 
somewhat different from the disjunct population in the south- 
ern Sierra Nevada. The northern locality is west of Mount 
Shasta; the southern locality is not far from Mount Whitney. 
The two localities are separated (and probably have been since 
before the Pleistocene) by a distance of 400 miles. We have 
studied turpentines from the two localities (5) and have found 
that both of them contain a tricyclic sesquiterpene, but that 
the turpentine from the northern location contained some beta- 
pinene and limonene, while that from the southern location 
lacked these components but contained some borny] acetate. 
Both turpentines consist mainly of alpha-pinene, but in the 
northern location there was predominance of a laevorotatory 
antipode of this terpene while in the southern location, a dex- 
trorotatory antipode prevailed. Pinus balfouriana is a pine of 
alpine environment and its two populations, the northern and 
the southern, have not been compared closely by botanists. 
It is generally assumed, however, that pines from the two 
localities are morphologically identical. 

Although there is a very close relationship between the two 
populations of P. balfouriana, the chemical composition of their 
turpentines indicates that there are noticeable and important 
differences perhaps not yet perceptable to the human eye, but 
easily detectable by the precise laboratory instruments. Since 
the geographic separation of the two populations, some changes 
have taken place which now distinguish them. We are witness- 
ing here, perhaps, a step in the origin of a new species. 

Pinus aristata (5) is closely related chemically to both forms 
of P. balfouriana. It is not certain if the tricyclic sesquiterpene 
of P. aristata is the same as the tricyclic sesquiterpene of P. 
strobus. Nevertheless, it is significant that the latter pine also 
possesses a tricyclic sesquiterpene. 

Of the four pines constituting the P. cembroides complex, 
one species, P. parryana, has not yet been investigated. Pinus 
monophylla has cadinene and limonene in its turpentine, the 
latter a terpene relatively rare in white pines. Cadinene is 
also found in P. edulis, but no limonene. While the percentage 
of cadinene in typical P. monophylla of western Nevada is 
rather small (6 per cent), it apparently increases eastward, 
and in Utah, where P. monophylla apparently crosses with P. 
edulis, cadinene may reach fifteen percent of the total weight 
of turpentine. 

Pinus cembroides has no cadinene but another (tricyclic) 
sesquiterpene, longifolene, which occurs in some hard pines 
(P.torreyana of the group Macrocarpae, and P.roxburghii of the 
group Longifoliae) and in some other Asiatic pines. Limonene 
also occurs in P. cembroides, indicating a closer affinity between 
P. cembroides and P. monophylla than between P. cembroides 
and P. edulis. In P. pinceana a new (bicyclic) sesquiterpene 
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appears. This pine belongs along with the P. cembroides com- 
plex to the group Cembroides, the desert nut pines of south- 
western North America. Pinus pinceana turpentine is outstand- 
ing in being composed mostly of Limonene. The chemistry of 
the turpentine of P. Nelsonii is not yet known. It must have 
an interesting composition. 

The chemical picture of the P. cembroides complex is thus 
very similar to the botanical picture as suggested by Martinez 
in his “Los Pinos Mexicanos” (8, p. 117), while the presence of 
large quantities of hmonene in P. pinceana links the group 
Cembroides with the group Macrocarpae of Section Diploxylon. 
(Limonene in large quantities is also found in P. pinea, P. 
serotina and in P. lumholtzi.) On the other hand, the presence 
of the saturated hydrocarbons of the Macrocarpae pines suggest 
their relation to P. reflexa and other white pines containing 


these hydrocarbons. 
Berkeley, California. 
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A NEW SPECIES OF CLARKIA (ONAGRACEAE) 
HARLAN LEWIS AND W. R. ERNST 


Clarkia similis sp. nov. Herba erecta altitudine ad.9 dm.; 
caulibus simplicibus vel ramosis; foliis angusto-lanceolatis vel 
elliptis, denticulatis, 2-4 em. longis, 3-8 mm. latis, in basi ad 
petiolos usque ad 8 mm. longo angustatis; inflorescentium axe 
in apice recurvato; calycis tubo 1.5-2 mm. longo, annulo pilo- 
rum ad apicem posito, limbo 6-10 mm. longo, circiter 1.5 mm. 
lato; petalis 6-12 mm. longis, 3-6 mm. latis, oblanceolatis vel 
rhomboideis vel obovatis subintegris, acutis vel rotundatis, 
in basi in unguiculum gracilis circiter 1 mm. longum angustatis, 
albis vel pallidis in parte inferior purpureo-punctulatis; stamin- 
ibus 8, plerumque ab stigmate liberis; stigmate quadrifido, 
lobis brevibus; stylo aequante stamines; ovario 8-canaliculato, 
15-2:5'em., longo; capsula 1.5-3 cm. longa,.1—1.5 mm. lata. 

Erect herb as much as 9 dm. tall; stems simple or branched, 
puberulent above with short upwardly curled hairs sometimes 
sparsely so, sparsely puberulent to glabrate below; leaf blades 
narrowly lanceolate to lanceolate-elliptic, subentire to denticu- 
late, 2-4 cm. long, 3-8 mm. broad, the apex often obtuse, gla- 
brate to sparsely puberulent, narrowed into petioles as much 
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as 8 mm. long; rachis of the inflorescence reflexed in bud be- 
coming erect as the flowers open; buds pendulous; hypanthium 
1.5-2 mm. long, puberulent, the ring of hairs at the upper 
margin; sepals lanceolate 6-10 mm. long, about 1.5 mm. broad; 
petals 6-12 mm. long, 3-6 mm. broad, oblanceolate to rhomboid 
or obovate, subentire, the apex rounded, acute or undulate, 
narrowed at the base to a slender claw about 1 mm. long, 
nearly white to light pink shading to white below, flecked with 
purple in the lower half; stamens 8, in two series, the outer 
longer, both series with yellowish pollen; anthers usually free 
from the stigma; stigma whitish with 4 short lobes; style 
pinkish, equaling the stamens; ovary subterete, 8-striate, 1.5- 
2.9 cm. long, sessile or on pedicels as much as 3 mm. long; 
mature capsules quadrangular 1.5-3 cm. long, 1-1.5 mm. broad. 

Type. 7.6 miles west of Ramona, San Diego County, Cali- 
fornia, April 22, 1951, Lewis, Lewis, Ernst and Mathias 773 
(UCLA). 

Distribution. California: Fresno, Los Angeles, Orange, 
Riverside, San Benito, San Bernardino and San Diego counties. 
Probably also in northern Baja California. — 

Specimens examined. Fresno County: 12 miles from Coal- 
inga on the road to Parkfield, Eastwood and Howell in 1938. 
Los Angeles County: Wolfskill Canyon off San Dimas Canyon, 
Ewan 2376; East Fork of Big Santa Anita Canyon, San Gabriel 
Mountains, Howell 3777. Orange County: Santa Ana Mountains, 
San Juan Canyon, 0.2 mile west of Upper San Juan Camp 
Ground, Lewis, Lewis, Ernst & Mathias 769, Santa Ana, Smith 
in 1930. Riverside County: Cranston Ranger Station, San Ja- 
cinto Canyon, without collector in 1951; Banning, Gilman 23; 
10 miles south of Hemet, Munz 10816; Elsinore, McClatchie in 
1892; San Juan Mountains, San Juan Canyon, Winblad in 1941. 
San Benito County: Pinnacles, Howell 12936. San Bernardino 
County: Arrowhead Hot Springs, Grant 6617; mountain slopes, 
Clear Creek road, Parish in 1891; San Diego County: Cooper 
531; Henshaw 27; San Diego, T. S. Brandegee in 1903; top of 
the grade, Descanso, K. Brandegee in 1906; Fallbrook, Cleve- 
land in 1981 (sic!) ; Ramona, Collins and Kempton 159; Warner’s 
Springs, Coombs in 1911; Tia Juana, Eastwood 2929; South Fork 
Featherstone Creek, Barona Valley, Gander 4015; 3 miles south 
of Deluz, Gander 5793; Burn between Campo and Canyon City, 
Gander 9346; 5 miles south of Mesa Grande, on Black Canyon 
Road, Gander 11356; San Diego, Grant 88; Potrero Grade, Gray 
in 1925; San Ysabel, Henshaw in 1893; San Felipe Creek, Keck 
and McCully 111; 7.6 miles west of Ramona, Lewis, Lewis, Ernst 
and Mathias 773 (type); Banner Grade below Julian, Munz 
and Hitchcock 11363. 

The haploid chromosome number is 17. Material from the 
type collection has not been counted. The count is based 
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upon examination of pollen mother cells of the following col- 
lections: Orange County: Santa Ana Mountains, San Juan 
Canyon, 0.2 mile west of Upper San Juan Camp Ground, Lewis, 
Lewis, Ernst and Mathias 769. San Benito County: High Peaks 
Trail, Pinnacles National Monument, Lewis and Epling 787 
(approximately 17 pairs, no definite count). San Diego County: 
0.4 mile east of Cleveland National Forest boundary on road 
to Barret Lake, Lewis and Lewis 277; 2.1 miles east of Cleve- 
land National Forest boundary on road to Barret Lake, Lewis 
and Lewis 280; Campo to Potrero road between culverts D 8.07 
and D 8.14, Lewis and Lewis 288A. Permanent slides and herb- 
arium vouchers are on file at the University of California, Los 
Angeles. 

Clarkia similis is a tetraploid species (n=17) which on mor- 
phological grounds is most closely related to Clarkia modesta 
Jeps. (n=8) and Clarkia epilobioides (Nutt.) Nels. & Macbr. 
(n=9) and probably represents an allopolyploid derived from 
them. The nature of the chromosome pairing in the hybrid 
C. modesta X C. similis and that of the hybrid C. epilobioides 
x C. similis leaves very little doubt that this hypothesis is cor- 
rect. The hybrid between C. modesta and C. epilobioides is mor- 
phologically similar to C. similis. 

Clarkia modesta, C. epilobioides and C. similis are morpho- 
logically so similar that Hitchcock (revision of North American 
species of Godetia. Bot. Gaz. 89:321-361. 1930) included all of 
them within a single species (Godetia epilobioides) without 
even subspecific recognition. The reason is not difficult to find. 
All three species are very similar vegetatively and differ pri- 
marily in the color and conformation of the corolla. The flowers 
of C. epilobioides are uniformly bright white or somewhat yel- 
lowish, often pink in age. The petals are obovate and uniformly 
arranged forming a regular corolla. The petals of C. modesta on 
the other hand are oblanceolate or somewhat rhomboid, pink, 
usually with darker flecks in the lower half, and are usually 
not equally spaced but are arranged in lateral pairs. The petals 
of C. similis are more or less intermediate, usually pale pink or 
sometimes nearly white and normally flecked. The petals are 
more variable in shape than in either diploid species and the 
flowers are usually somewhat irregular. Viewed only from 
herbarium sheets, without knowledge of the chromosome com- 
plements, the three species present a complex picture suggest- 
ing continuous variation in a single polytypic species. However, 
once the basis of genetic discontinuity is apparent the morpho- 
logical discontinuity between living populations becomes obvi- 
ous, particularly where two of the species are found growing 
together. 

The distribution of C. similis between southern California 
and the Pinnacles region in San Benito County is apparently 
disjunct. It is uncertain at present whether these two races, 
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which differ somewhat morphologically, represent independent 
origins of the allopolyploid or segregation from a once con- 
tinuous distribution. Clarkia epilobioides, but not C. modesta, 
often occurs with C. similis in southern California. Both diploids 
are found in the area of C. similis in San Benito County. 
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MORPHOLOGICAL CRITERIA FOR THE SPECIFIC VALID- 
ITY OF PINUS JEFFREYI 


DoNALD A. JOHANSEN 


The validity of Pinus jeffreyi Murr. as a distinct species has 
long been in dispute among taxonomists. Some (1, 2, 3, 7) 
recognize it as distinct; others consider it to be a variety of 
P. ponderosa Dougl. (5, 9); while still others give it no recog- 
nition whatever (10, 11). Those who reduce P. jeffreyi to 
varietal rank have apparently been disturbed by the fact that 
“intermediate” or “intergrading” forms are rather common in 
certain regions where the two species or others occur more or 
less intermingled. It was not until comparatively recently 
that it came to be realized that these “intergrades” are actually 
natural hybrids. Several such hybrids have been experiment- 
ally produced (4, and personal communications from Dr. Duf- 
field). 

Mirov (8) accepted the distinction between the two species 
on biochemical grounds and concluded that P. jeffreyi is phylo- 
genetically older than P. ponderosa. In the latter conclusion, 
he agrees with the opinion of Lemmon (6). ? 

For several years the writer has been conducting an inten- 
sive and extensive investigation of archegoniogenesis in the 
genus Pinus and other gymnosperms. Among other results, it 
was ascertained that the account of events within the arche- 
gonium, which has prevailed for the past fifty years, was in- 
complete. This story actually concerns only the almost entirely 
modern, evolved archegonium in a single species (the so-called 
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“P. laricio,’ whose true identity is now considerable of a mys- 
tery; it seems to have been a cultivated hybrid). Again, it was 
determined that each valid species possesses a mode of arche- 
goniogenesis peculiar to itself; no two species out of twelve 
so far investigated follow the identical procedure. No species 
is wholly archaic nor entirely modern in all characteristics; 
in a given species certain archaic features are retained but 
all others are modern. It is the variation in the degree to which 
archaic features are retained that distinguishes any one species 
from the others. Consequently, a tabulation of all the arche- 
gonial characteristics prevailing in a given species serves as 
a reliable criterion for indicating differences between that 
species and any other species. Comparison of one character 
after another in each species reveals that P. jeffreyi differs so 
markedly from P. ponderosa that the only possible conclusion 
is that the former is a valid species. 

In the following tabulation those characters known or at 
least presumed to be archaic are printed in italics. 


Archegonial 
Character Pinus ponderosa Pinus jeffrey 
Number of 4 in very narrow 2 in narrow ovules 
archegonia ovules; 8 in all 4 in wider ones 
others 
Location When 8, always in a Never in a complex 
complex 
Shape Globoid to ovoid Laterally hemis- 
pheric 
Neck cells Flush with outer Deeply buried in 
cells of gameto- gametophyte and 
phyte and lateral- vertically elon- 
ly elongated gated; tending to 
obliteration 
Jacket cells Well developed Poorly developed 
Archegonial beak Present Absent 
Chromatin elimina- July 8-10; small; June 2-5; conspicu- 
tion nucleus terminal ous; lateral; some- 
(“ventral cell’’) times all chroma- 
cut off tin is eliminated 
Nuclear state Always single; Commonly binucle- 
small ate (two mitoses 


in place of one); 
quite large when 
single 
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Fertilization Always single Always double 
when binucleate; 
otherwise single 


Syngamy occurs July 20 June 10-12 

Cytoplasm Turgid and highly Not turgid; few or 
vacuolate; does novacuoles;dense; 
not plasmolyze always plasmo- 


lyzed after all 
killing fluids 


Proteins or other Absent Abundant and deep- 
stainable foods ly stained 

Nuclei in mature Four Eight after double 
free-nucleate pro- fertilization; oth- 
embryo erwise four 


Reversion to Arau- Absent, or at least Rather common 
carian type of pro- never observed 
embryo (walled) 


Other interesting morphological features have turned up in 
other species but not in P. jeffreyi or P. ponderosa; they need 
not be mentioned here but they are useful in distinguishing 
these two from other species. 

The ovules of P. jeffreyi are much larger than those of P. 
ponderosa. It is significant that binucleate archegonia, double 
fertilization and the tendency to revert to the ancestral (Arau- 
carian) type of proembryo characterize species with large seeds 
(such as P. lambertiana), and that these features tend to dis- 
appear gradually as the ovules decrease in size until mostly 
evolved characters prevail in those species with the smallest 
seeds (as in P. banksiana). Large seeds occur in the cycads, 
Ginkgo and the Araucarians; the writer has recently found bi- 
nucleate archegonia with double fertilization in Zamia flori- 
dana, as well as plurinucleate archegonia in Ginkgo biloba 
and twin proembryos in Araucaria angustifolia. 

Natural hybrids in Pinus are still much of a morphological 
puzzle; the writer began to investigate them only during the 
past year. They are especially abundant in the region between 
Mountain Center and Idyllwild in the San Jacinto Mountains, 
with only P. jeffrey occurring at the Mountain Center end and 
P. ponderosa at the Idyllwild end, with the hybrids in between 
and with numerous trees of P. coulteri and fewer of P. flexilis 
intermingled. Most of these hybrids more closely resemble P. 
jeffreyi in habit than they do P. ponderosa, but their arche- 
goniogenesis resembles that of neither species. The suspicion, 
already voiced by others, is strong that P. coulteri has had 
something to do with the origin of these hybrids. Moreover, 
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at the far upper end of San Antonio Canyon, in the San Gabriel 
Mountains, there are numerous trees which have long been 
presumed to represent P. ponderosa, but their archegonial 
characters are so radically different from those of this species 
that they are either hybrids or constitute an unrecognized 
species. Pinus lambertiana is the only other species native to 
the neighborhood. 

Mainly because of the presence of binucleate archegonia 
and double fertilization, together with the formation of Arau- 
carian-like proembryos, all of which are pronouncedly archaic 
features, the writer is convinced that P. jeffreyi is the older 
species and therefore agrees with the conclusions of Lemmon 
and Mirov. 

861 East Columbia Avenue 
Pomona, California 
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REVIEW 


A Natural History of Western Trees. By DONALD CULROSS PEATTIE, 
illustrated by Paul Landacre. Houghton Mifflin Company, Boston, 
Mass. pp. xiv + 751, 4 maps (inside covers), 39 plates, 164 text figures. 
1953. $6.00. 

It is hard to avoid superlatives in reviewing this handsome volume 
and, after all, why avoid them when they are so well-merited? Con- 
sidering the wealth of information it conveys and its profuse and 
attractive illustration, it is a real bargain at the price fixed by the 
publishers. Anyone who is at all interested in trees will find that he is 
getting more than his money’s worth. when he purchases this book. 
Others who are not particularly concerned with trees, as such, will 
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enjoy the work as literature of a high order. The author’s name is 
sufficient guarantee of this. 

The territory covered is bounded on the east by Meridian 100, 
on the west by the Pacific Ocean, on the north by the Arctic Ocean 
and on the south by the Mexican Boundary. As to the always trouble- 
some question of what constitutes a tree, the author states in his 
Foreword: “True that no perfectly satisfactory definition separates 
trees clearly from shrubs; the sharper one tries to make such a 
distinction, the more absurdities and contradictions one raises. In gen- 
eral, however, the author has fought to keep out of the book as many 
shrub-like species as possible, in order to let the trees rise clear.”’ 

As arule, the distinction has been made consistently, but one won- 
ders why Ptelea, Fremontia, and Garrya were omitted when two 
species each of Ceanothus and Arctostaphylos are included. 

About 200 species are described, some at considerable length 
(a dozen or more pages), others in only a paragraph or two. Nearly 
all of these are illustrated by skillfully drawn text figures, a few 
also by full-page plates. The great importance of the Coniferae in 
western forests is shown by the fact that two-fifths of the descriptive 
portion of the text is devoted to this class. 

There are given, under each species, the scientific and popular name, 
or names, the geographical range, and a botanical description, followed 
by a less formal account of the tree in its various aspects. Economic 
uses, if any, are treated, often quite fully. No one has written more 
convincingly of the important role of trees in the history and economy 
of the West, both aboriginal and recent. Certainly no one has given us 
more enchanting descriptions of the beauties peculiar to each species. 
Personal observations by the author during his extensive travels in 
the West have supplemented the information obtained from the litera- 
ture, and this is reflected in the vividness of the descriptions. 

The chapters on the Giant Sequoia, Coast Redwood, Sugar Pine, 
Douglas Fir, Monterey Pine, Valley Oak, and Western Sycamore may 
be mentioned as outstandingly interesting but, in fact, the whole book 
may be read with delight. Desert-lovers will enjoy the accounts of the 
Desert Palm (Washingtonia), Joshua Tree (Yucca), Mesquite (Pros- 
opis), Desert Smoketree (Dalea), Desert Ironwood (Olneya), Ele- 
phant-tree (Bursera), and Saguaro (Carnegiea). 

The book concludes with general keys as well as special keys to 
the species of the larger genera (Pinus, Quercus, etc.), a glossary, 
and separate indices of scientific and common names. In the botanical 
descriptions in the text, as well as in the keys and glossary, the termi- 
ology is simplified as much as possible. For this reason, and with the 
aid of the excellent illustrations, it should be possible for those who 
have had no formal botanical training to identify most of the western 
trees without much trouble. 

Mr. Peattie, in his Foreword, mentions the many happy years 
he has devoted to this undertaking. He is to be congratulated on the 
splendid book that is the outcome of these congenial labors.—T. H. 
KEARNEY. California Academy of Sciences, San Francisco. 
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A TAXONOMIC STUDY OF THE GENUS 
CHAMAECHAENACTIS RYDBERG (COMPOSITAE) 


S. J. PREEcE, JR. AND B. L. TURNER 


The genus Chamaechaenactis of the tribe Heleniae of the 
family Compositae contains a single species which grows in 
the semi-arid foothill regions of the Colorado Plateau in 
central and eastern Utah, western Colorado, southwestern 
Wyoming, and northeastern Arizona. This species was de- 
scribed by Eastwood (1891, p. 231) as Chaenactis scaposa and was 
transferred to the newly established genus Chamaechaenactis 
by Rydberg (1906, p. 155). Chamaechaenactis has been main- 
tained by most authors since that time, with the exception of 
Aven Nelson (Coulter and Nelson, 1909, p. 559), who placed 
Chaenactis scaposa in the genus Actinella under the name Acti- 
nella carnosa (the name Actinella scaposa was preoccupied). No 
reason was given for this transfer. 

As to the relationships of this entity, Eastwood (op. cit.) 
in the original description stated: 

“It might perhaps represent a new genus, but it seems 
better to regard it as an aberrant species of Chaenactis.” 

Rydberg (op. cit.) in erecting the genus wrote: 

“Miss Eastwood, the discoverer of the plant, referred it 
to Chaenactis, to which it is not closely related, resembling 
this genus only in the color of the corolla. The structure 
of the fruit and pappus would place it nearer Bahia and 
Tetraneurts.” 

Later Rydberg (1914, p. 63) apparently saw other relation- 
ships, for in the North American Flora, he placed the genus 
Chamaechaenactis in the subtribe Chaenactidanae instead of 
in the subtribe Bahianae which contained Bahia or in the 
Tetraneuranae which contained Tetraneuris. 

Stockwell (1940) in his study of the genus Chaenactis made 
no mention of Chamaechaenactis or its relationship to Chaenactts. 
He probably considered Chamaechaenactis a “good” genus since 
he annotated some herbarium sheets as Chamaechaenactis sca- 
posa (Eastw.) Rydb. 

In the present paper evidence is submitted to indicate that 
Chamaechaenactis has its closest relationship with the genus 
Chaenactis, but should be maintained as a separate genus. In 
addition a new variety is described based on a detailed study 
of specimens from a number of herbaria. 

The close relationship of Chamaechaenactis with Chaenactis 
is at once obvious in the many similarities in total morphology. 
The flowers of Chamaechaenactis are almost duplicated in corolla 
shape, size, and color by those of many species of Chaenactis. 
The stamens, styles and stigmas of the two genera are much 
alike, but the latter structures have some significant differ- 
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ences which will be mentioned later. The general pubescence 
and appearance of the head and involucral bracts is very simi- 
lar in the two genera, even to the scarious margins on the 
inner bracts. 


_In spite of the many morphological similarities between 
the two genera, there are conspicuous differences which form 
a clear break that can be used for generic separation. The 
most obvious difference is the scapose habit of Chamaechaenactis 
as contrasted to the leafy-stemmed habit of Chaenactis. The 
entire or slightly crenate leaves of Chamaechaenactis are quite 
different from the dissected, pinnate or lobed leaves of Chaenac- 
tis. An exception to this is Chaenactis Cusickii which is a leafy 
annual with entire leaves. The broad, flattened style branches 
with distinct stigmatic lines, angled, four-sided achenes, and 
pappus scales with strong midribs further distinguish Chamae- 
chaenactis from Chaenactis which has terete style branches, in- 
distinct stigmatic lines, nearly terete achenes, and pappus 
scales without midribs. Table 1 summarizes the differences 
between the two genera. 


TABLE 1. SUMMARY OF DIFFERENCES BETWEEN CHAENACTIS AND 


CHAMAECHAENACTIS 
Chaenactis Chamaechaenactis 
1. Stem leafy. 1. Stem scapose. 
2. Pappus scales without mid- 2. Pappus scales with strong mid- 
ribs. ribs. 


3. Leaves mostly lobed, pinnate 3. Leaves entire or nearly entire. 
to highly dissected. 


4. Style branches nearly terete, 4. Style branches_ broad, flat, 
stigmatic lines indistinct. stigmatic lines distinct. 


5. Achenes nearly terete. 5. Achenes angled, four-sided. 


Since clear morphological distinctions exist between the 
two groups, and since these groups have been treated as “good” 
genera by most workers after Rydberg, it seems best to con- 
sider Chamaechaenactis as a separate genus delimited from but 
closely related to Chaenactts. 

In respect to the perennial habit, similar actinomorphic 
flowers, and large number (7-10) of pappus scales, Chamac- 
chaenactis might be considered more primitive than most spe- 
cies of Chaenactis according to the concepts of Stockwell (1940, 
p. 94). The entire leaves of Chamaechaenactis offer further evi- 
dence that this genus branched from the main Chaenactis stock 
rather early. 

Seeds of Chamaechaenactis were collected in an effort to ob- 
tain chromosomal evidence to supplement this morphological 
study, but they did not germinate. Work along this line is 
contemplated since many species of Chaenactis have been 
studied cytologically (Stockwell, 1940), and a comparison 
might prove useful for drawing generic lines and possibly in 
determining evolutionary relationships. 
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TAXONOMY 


Below is presented a taxonomic treatment of the genus 
based on the information available. The specimens cited are 
from various herbaria which are referred to by the abbrevia- 
tions listed in Index Herbariorum, Part 1 (Lanjouw and Staf- 
leu, 1952). The authors wish to express appreciation to the 
curators of these herbaria for the loan of specimens for this 
stud 

eee ee Rydb. Bull, Torrey Club 33:155. 1906. 

Caespitose perennial, the whole plant hirsute-canescent; 
stem 6-8 cm. high, branching underground from a woody root 
and forming several crowns; leaves all basal, simple, petiole 
equaling the blade or up to twice as long, blade coriaceous, 
8-12 mm. long, oblong to orbicular with an acute to obtuse tip, 
base cuneate to cordate, margins revolute, entire to crenate, 
lower surface covered with appressed white hairs, upper sur- 
face impressed-punctate and hirsute to nearly glabrous; in- 
volucral bracts about 12, in two series, outer ones linear- 
oblong, obtuse and broad, densely pubescent externally, glab- 
rous with prominent nerves within, inner ones longer and with 
scarious, colorless to reddish-tipped margins; corolla tubular, 
regular, flesh-colored, lobes equal; stamens included; style tips 
broad; achenes clavate, four-sided, and densely villous; pappus 
of 7-10 nearly equal hyaline scales one-half the length of the 
achenes and with prominent midribs and erose tips. 

Type species: Chaenactis scaposa. PS 

CHAMAECHAENACTIS SCAPOSA (Eastw.) Rydb. var. SCAPOSA. 
Chaenactis scaposa Eastwood, Zoe 2:231. 1891. Chamaechaenactis 
scaposa Rydberg, Bull. Torrey Club 33:155. 1906. Actinella carnosa 
A. Nels. Coulter and Nelson, Man. Rocky Mts. 559. 1909. 

Corolla 6.5-9.0 mm. long; pappus 5.0-7.1 mm. long; invol- 
ucral bracts 13.0-17.0 mm. long; leaf bases mostly truncate to 
cordate, leaf margins entire to crenate with at least some of the 
leaves on a plant with crenations, upper leaf surface sparingly 
hirsute to nearly glabrous, the lower hirsute, petiole 1.2-4.0 
cm. long. 

Type. On the mesa across the Gunnison River, near 
Grand Junction, Mesa County, Colorado. May, 1891. Eastwood 
(CAS). Isotype examined (GH). 

Distribution. The geographic range of this variety is main- 
ly western Colorado where it occurs in Mesa, Delta, Montrose 
and San Miguel counties (see fig. 1). One collection was seen 
from Apache County, Arizona, and one from the La Sal Moun- 
tains of Utah. The variety grows in rather sterile, clay soils 
on foothills of the western slope of the Colorado Rockies be- 
tween elevations of 5,000 and 7,000 feet. 

Material examined. Arizona. Apache County: 15 miles 
north of Ganado, June 10, 1937, Peebles 13468 (US). CoLorano. 
Delta County: Uncompahgre Plateau, west of Delta, June 6, 
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Fic. 1. Distribution of the varieties of Chamaechaenactis scaposa. 
Circles represent C. scaposa parva. Triangles represent C. scaposa 
scaposa. 


1909, Tidestrom 2166 (US). Mesa County: Grand Junction, East- 
wood, May, 1891 (GH, isotype); Grand Junction, Eastwood, May, 
1892 (GH, POM, UC); foothills, May to July, 1893, Long (GH); 
Gunnison Mesa, Grand Junction, May 15, 1916, Eastwood 5006 
(CAS); hills south of Grand Junction, June 11, 1920, Osterhout 
6016 (POM, RM). Montrose County: Naturita, April 30, 1914, 
Payson 267 (GH, MO, RM, WS); Naturita, June 1, 1917, Payson 
988 (MO, RM). San Miguel County: Gypsum Valley, 4 miles 
Uran. Grand or San Juan County: La Sal Mts., June 2 (4), 
1914, Jones (POM, UC). 


CHAMAECHAENACTIS SCAPOSA var. parva Preece & Turner 
var. nov. 


Corolla 5.5-7.2 mm. long; pappus 4.2-6.3 mm. long; invol- 
ucral bracts 11.0-13.0 mm. long; leaf bases mostly cuneate to 
truncate, leaf margins mostly entire, both upper and lower leaf 
surfaces sparingly to densely hirsute, petiole 1.0-1.8 cm. long. 


Herbae perennes, corollis 5.5-7.2 mm. longis, pappo 4.2-6.3 
mm. longo; involucri bracteis 11.0-13.0 mm. longis; foliis 
utrinque plus minusve dense hirsutis, basi plerumque cuneatis 
usque ad truncatis, marginibus plerumque integris, petiolis 
1.0-1.8 cm. longis; aliter similis var. scaposae. 
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Fics. 2-4. Chamaechaenactis scaposa. 2. Habit sketch of C. scaposa 
scaposa, natural size. Drawn from isotype, Eastwood (GH). 3. Same, 
Single floret, X 2. 4. Habit sketch of C. scaposa parva, natural size. 
Drawn from type, Preece & Turner (WS). 
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Type. Rocky, silty, imestone soil, 32 miles south of Green 
iver, Sweetwater County, Wyoming, July 3, 1951, Preece & 
Turner 2883 (WS). 

Distribution. The geographic range of this variety is main- 
iy in central Utah where it occurs in Carbon, Duchesne, Emery, 
Garfield, and Wayne counties (fig. 1). Wyoming collections 
are known only from Sweetwater County. Plants of this va- 
ciety grow in sterile soils on the foothills east of the Wasatch 
Mountains of Utah and also the north and south sides of the 
Uinta Mountains generally between 5,000 and 7,000 feet ele- 
vation. 

Material examined. Utau. Carbon County: Price, June, 
1898, Stokes (UC); near Price, June 11, 1900, Stokes (NY); Price, 
May 2 (12), 1927, Flowers 1330 (UT); Price, May, 1930, Flowers 
(UT); East Wellington, June 5, 1927, Cottam 2057 (BRY); 2 
miles south of Price, May 9, 1940, Maguire & Maguire 15260 
(GH, NY, UTC). Duchesne County: 3 miles west of Duchesne, 
May 30, 1942, Ripley & Barneby 4676 (CAS); 3 miles southwest 
of Duchesne, June 8, 1946, Ripley & Barneby 7808 (CAS). Emery 
County: Mounds, June 5, 1910, Jones (POM); San Rafael Swell, 
Hast Ferron, June 6, 1932, Cottam 5254 (UT). Garfield County: 
5 miles north of Hatch, ‘June 7, 1947, Ripley & Barneby 8534 
(CAS). Wayne County: Grover, May 11, 1939, Harrison 9177 
(BRY): between Grover and Teasdale, June ay 1948, Holmgren 
& Nielsen 7760 (UTC, WS). WyomIne. Sweetwater County: 
25 miles south of Green River, June 3, 1938, Rollins 2259 (GH, 
UC, US, UTC); 29 miles south of Green River, June 12, 1946, 

Ripley & Barneby 7879 (CAS): 32 miles south of Green River, 
July 3, 1951, Preece & Turner 2883 (GH, RM, isotypes; WS, 
type). 

The two varieties of C. scaposa are compared in Table 2. 
Data for this comparison were obtained from a study of ap- 
proximately thirty different collections which represent nearly 
all of the available material of this rare genus as represented 
in the major herbaria. 

TABLE 2. COMPARISON OF THE VARIETIES OF CHAMAECHAENACTIS SCAPOSA. 


C. scaposa scaposa C. scaposa parva 
1. Involcual bract 13.0 - 17.0 mm. 11.0 - 13.0 mm. 
length. 
2. Corolla length. 6.5 - 9.0 mm. 5.5 - 7.2 mm. 
3. Pappus length. 5.0 - 7.1 mm. 4.2 - 6.3 mm. 
4. Leaf base. Mostly truncate to Mostly cuneate to 
cordate. truncate. 
5. Leaf margin. Entire to crenate. Mostly entire. 
6. Upper leaf sur- Sparingly hirsute to Sparingly to densely 
; face. nearly glabrous. hirsute. 
7. Petiole length. 12-40cm. . 1.0 - 1.8 cm. 


The morphological variation between the two varieties is 
mainly quantitative. Chamaechaenactis scaposa scaposa is consist- 
ently larger as to total plant size and as to size of individual 
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parts (table 2). Also, the pubescence of the upper leaf surface 
is quantitative with C. scaposa parva being consistently more 
hirsute than C. scaposa scaposa. On the other hand, C. scaposa 
scaposa plants have many more leaves with crenate margins 
than do those of C. scaposa parva which have mostly entire 
leavés. Since there is a positive correlation between the gec- 
graphic distribution (fig. 1) and many morphological features, 
there seems to be good justification for proposing varietal rank 
for these closely related entities. 

The authors wish to express appreciation to Dr. Marion 
Ownbey for a critical reading of this paper and to John Rum- 
ley for the drawings. 

Department of Botany, 
The State College of AC HIRETOn, Pullman. 
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NEW AND UNUSUAL FLESHY FUNGI FROM WYOMING 
ALEXANDER H. SMITH AND W. G. SOLHEIM 


We plan, in this series of papers on the fleshy fungi ot 
Wyoming, to present data on new and rare fungi as they are 
encountered in the course of collecting throughout the State. 
Wyoming is an interesting state from the standpoint of fleshy 
fungi because of the many mountain ranges separated by semi- 
arid areas of great extent. Collecting these fungi, however, is 
often somewhat of a problem because of the varied pattern oz 
precipitation and temperature from year to year. There are 
still many undescribed and many poorly known species in the 
Rocky Mountain area, and of course our main objective is to 
discover and describe these as rapidly as possible. A second 
important objective is to acquire data for plotting the dis- 
tribution of both the rare and common species. In this respect 
it is interesting to note here the extension to the most easter- 
ly range of the Rockies of the ranges of a number of species 
described from the West Coast. Mycologists are just beginning 
to get sufficient data on many species to allow meaningful 
distributions for them to be established. Collections from 
Wyoming will yield valuable information on this subject. The 
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third main objective is to establish associations, whenever 
possible, between a given species of fungus and a given species 
of seed plant. Naturally this phase ties in with a study of 
distribution because in many instances it is evident that the 
distribution of a particular fungus directly parallels that of a 
species or genus of seed plants. Since such associations are 
based on circumstantial evidence, many observations are need- 
ed to establish a correlation. If the fungus is a mycorrhiza- 
former, the association is likely to be closer than if the 
fungus is merely a saprobe living, say, on the fallen needles 
and debris of conifers. 

The work of exploration was begun in the summer of 
1950 and was continued by the resident author during the 
season of 1951. It will be continued whenever opportunity 
favors in the future. The present report contains a few of our 
interesting discoveries, and represents only a fraction of the 
material collected. In the difficult genera such as Cortinarius, 
ussula and Psathyrella, it often takes several years collecting 
to properly establish the presence of, and to circumscribe, 
the taxa as they occur in an area. In this type of work it is 
too easy to fall into the error made by many mycologists of 
collecting in an area only one season and then drawing ex- 
tensive conclusions from the material obtained even though 
much of it may be scanty and atypical. 

The specimens cited are deposited in the Herbarium of 
the University of Michigan, the Rocky Mountain Herbarium 
of the University of Wyoming and in the personal herbarium 
of the resident author. The color names within quotation 
marks are taken from Ridgway (1912). For species for which 
no technical description is given in the text of this paper, a 
citation of the description used to identify the collection is 
given following the authority of the species. The nomencla- 
ture followed is according to The International Rules of Botan- 
ical Nomenclature. 


LIst OF SPECIES 


ARMILLARIA LUTEOVIRENS (Fr.) Sacc. (Smith 1950, p. 354). This 
rare fungus was first found in North America in the Columbia 
River Gorge near Crown Point, on the Oregon side of the river. 
Subsequently, during the season of 1948 Stuntz and Smith 
made a number of collections in Mount Rainier National Park 
(Smith 20648 ; 30309 ; 30459; 30511; 30093; 31420; 31538, and one 
unnumbered) during July, August and September. During 
the season of 1950 it was observed on a number of occasions 
in the Happy Jack section of the Pole Mountain area, Laramie 
Mountains, Albany County, Wyoming (Smith 35340; 35681) 
during August, and the resident author collected it again in 
1951 (Solheim 3408; 3409). 

In the field this fungus is not always easily distinguished 
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from A. albolanaripes Atk., especially if faded fruiting bodies 
of both are encountered—as may easily happen in dry areas 
such as that around Pole Mountain. In the laboratory the 
amyloid spores of A. luteovirens enable it to be readily dis- 
tinguished. In most of the Wyoming collections the bright 
yellow of the typical form of A. luteovirens had almost disap- 
peared, being visible only in the incurved edges of the pilei. 
In one collection (Smith 3568r) the caps were pallid with 
avellaneous scales and the stipe white and nearly smooth. 
Another collection, however (Solheim 3409), shows the charac- 
teristic color and scales on both pileus and stipe. One of the 
young fruiting bodies stained pale yellow when bruised, 
(Smith 35349) a reaction we have not observed on any of the 
other collections listed. 


CALVATIA FUMOSA Zeller (1947, p. 309). An excellent collec- 
lection of this species was made at Little Brooklyn Lake, 
Medicine Bow Mountains, Albany County, Wyoming, on soil 
under spruce and fir, August 9, 1951, by Ragnhild and W. G. 
Solheim (Solheim 3389). This extends the known range to the 
eastern Rocky Mountains. It was described from specimens 
collected near Crater Lake in Oregon and Mount Shasta in 
California. The smokly brown to pallid peridia remind one of 
a Scleroderma: 

CLITOCYBE MAXIMA (Fr.) Kummer (Smith 1944, p. 675). 
Good material of this species was found by Ragnhild and W. 
G. Solheim on wet soil under aspen and conifers, Libby Creek 
Bridge, above Centennial, Medicine Bow Mountains, Albany 
County, Wyoming, August 9, 1951 (Solheim 3381). The spores 
in this collection measure 9-12  5-6.5 » as contrasted to 7-9 
< 5-6 uw in Smith’s Olympic Mountain collection, and many 
two-spored basidia are present. Aside from these two char- 
acters, the Olympic and Wyoming collections appear to be 
identical. This species has now been found in Michigan also, 
so its known distribution in North America has been consider- 
ably extended. 

GAUTIERIA GRAVEOLENS Vitt. f. Inodora f. nov. G. graveolens 
f. graveolens similis sed inodora. Specimen typicum legit prope 
Tahquamenon Falls State Park, Luce County, Michigan, July 
9, 1951, Smith 36761. 

Spores 13.5-18 9-11 y», pale yellowish in KOH, rusty 
brown in Melzer’s reagent, 5-8 longitudinal striations, outer 
envelope wavy to nodulose along the backs of the striations 
(or the bumps appearing almost bubble-like), the interior 
thickened wall yellowish in KOH, smooth or nearly so, spore 
usually short-pedicellate from remains of the sterigma, outer 
spore membrane usually terminating as an inconspicuous collar 
around apex of apiculus (where the latter broadens into the 
spore); basidia two-spored, 28-35 10-14 »; cystidia none seen; 
subhymenium pseudo-parenchymatous; trama of narrow gela- 
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tinous (in KOH) hyaline hyphae; no clamp connections seen; 
peridium 1-3 cm. diam., rubbery cartilaginous fresh, inodorous,; 
columella branching and gelatinous in texture; cavities open- 
ing to exterior minute, round to irregular, remains of peridium 
scanty and evanescent, of loosely interwoven hyphae; gleba 
cinnamon at maturity. 

Collected at base of a tree at the viewing area at the Upper 
Falls, Tahquamenon Falls State Park, Luce County, Michigan, 
July 9, 1951, by C. W. Creaser (Smith 36761). In Wyoming 
it has been found above Nash Fork Bridge, below University 
of Wyoming Science Camp, Medicine Bow Mountains, Albany 
County, August 9, 1951, Solheim 3396. 

Old as well as young fruiting bodies were present in the 
Michigan collection and no odor whatsoever was present. The 
spores, in addition, average smaller than as given by Zeller 
and Dodge (1918) and have fewer striations. These and the 
apparent lack of cystidia may possibly be further distinguish- 
ing characters. Povah collected a very similar form, from 
Isle Royal, Michigan, which C. W. Dodge identified as G. 
graveolens, but it possessed an odor. Creaser’s collection appears 
to be the same as the Isle Royal collection microscopically, 
and it is on this basis that his collection is described as a 
variant of G. graveolens. The Wyoming collection appears to 
be the same also but is made up of young to barely mature 
peridia. For this reason it is not designated as the type. 


KUEHNEROMYCES VERNALIS (PK.) Singer and Smith (1946, p. 
514). According to our experience this is the commonest 
brown-spored agaric on decaying conifer wood during the 
spring and early summer in the northern Great Lakes Region 
and the Western United States. It often fruits throughout 
the season in Wyoming because of the high elevations. We 
found it frequently in the vicinity of the University of 
Wyoming Science Camp during 1950 (Smith 34370; 34377 and 
34384 at Sheep Mountain; 34/477; 34436; 34807 from the Has- 
kins Creek Area in the Sierra Madre Mountains, July 13; 34588 
at Pole Mountain), and the resident author collected it again 
on several occasions in 1951 (Solheim 3370; 3373). The length 
of the fruiting season in 1950 cannot be judged from our rec- 
ords because we tired of collecting the fungus after the middle 
of July. 


Mycena Overholtsii sp. nov. Pileus 2-5 cm. latus, glaber, 
atrofuligineus demum pallide cinereus, subhygrophanus; la- 
mellae confertae, subdistantes, latae, pallidae dein cinereae; 
stipes 4-10 cm. longus, 2-6 cm. crassus, deorsum dense strigosus 
et “Verona brown”; sporae 6-7 x 3.5-4 uw; cheilocystidia 26-32 
< 5-8 », fusoid-ventricosa vel cylindrica. Specimen typicum 
legit Solheim, Thiers and Smith (Smith 34405), University of 
Wyoming Science Camp, Medicine Bow Mountains, Albany 
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County, Wyoming, June 29, 1950. 


Pileus 2-5 cm. broad, obtuse to convex, expanding to plane 
or nearly so, margin in some recurved in age, surface glabrous 
and moist to slightly lubricous, dark blackish fuligineous at 
first, gradually becoming pale grey to pallid, margin often 
translucent-striate in age, subhygrophanous; flesh watery gray, 
cartilaginous, taste mild; odor pungent and yeasty; lamellae 
close to subdistant, moderately broad, broadly adnate or in 
age subdecurrent, whitish to pale cinereous, both flesh and 
gills often staining gray when bruised, edges even; stipe 4-10 
cm. long, 2-6 mm. thick, enlarged downward, pallid above, 
darker below and becoming reddish brown downwards (“Ver- 
ona brown”), densely fibrillose-strigose over the lower two- 
thirds. 


Spores 6-7 x 3.5-4 », narrowly ovate to oblong, or pip- 
shaped when immature, smooth, distinctly blue in Melzer’s 
solution; basidia four-spored; pleurocystidia rare to absent, 
similar to cheilocystidia; cheilocystidia filamentous to fusoid- 
ventricose, scattered, 26-32 x 5-8 u, smooth; gill trama some- 
what interwoven to subparallel, subhymenium gelatinous in 
KOH, of closely interwoven narrow hyphae; pileus trama with 
a thin to rudimentary pellicle of appressed narrow (2-4 yp) 
hyphae and only subgelatinous in KOH, hypodermal region 
becoming somewhat differentiated or remaining scarcely 
differentiated from remainder of the flesh, trama proper pale 
orange-brown in Melzer’s solution (as is the gill trama also); 
clamp connections present. 


Habit, habitat and distribution. Densely cespitose on 
rotting conifer logs and stumps at high elevations in the 
Rocky Mountains and the Cascades, in the spring and early 
summer as the snow melts. The large clusters of fruiting 
bodies are often found on wood still partly buried in the snow. 
Imshaug (Smith 29002) found it in Mount Rainier National 
Park, during July, under conditions similar to those of the 
type collection. Additional collections from the Medicine 
Bow Mountains are as follows: Smith 34320; 34327; 34328; 
34329; 343.58 ; 34300; 34399; 34402; 34420; 34466; Solheim 2810; 
2836 and Thiers roo. 

The senior author first studied this species from material 
sent to him by the late L. O. Overholts but erroneously re- 
ferred it to M. laevigata. The study of abundant collections 
of fresh specimens showed it to be an undescribed species 
which we take pleasure in dedicating to Professor Overholts. 
M. Overholtsu is most closely related to M. laevigata, but differs 
in the stipe not being either lubricous or viscid, in the manner 
in which the gills stain, and particularly in the gray or darker 
color of the gills as dried. The pungent odor may be an addi- 
tional character since it was fairly constant during the time 
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we observed fresh material. When fresh the two species ac- 
tually appear quite different. The time and manner of 
fruiting also appear to be distinctive. Apparently the fungus 
is not at all uncommon during the spring and early summer 
in the mountains of our western states. 


Mycena subceracea sp. nov. Pileus 10-20 mm. latus, con- 
vexus, fuscus, glaber; lamellae decurrentes, subdistantes, 
angustae, pallidae, stipes 2-3 cm. longus, 2-3 mm. crassus, pal- 
lidus, glaber; sporae 7-9.5 >< 4-4.5 ». Specimen typicum legit 
Smith 35184, July 27, 1950, North Fork, Little Laramie River, 
Medicine Bow Mountains, Wyoming. 

Pileus 10-20 mm. broad, convex with an incurved margin, 
expanding to plane or the margin uplifted slightly, surface 
fuscous, scarcely fading, pallid cinerous in old specimens or 
when dried; no odor or taste, consistency cartilaginous; lamel- 
lae decurrent, subdistant, narrow, pallid to grayish; stipe 2-3 
cm. long, 2-3 mm. thick, equal or nearly so, pallid, naked 
above, base white-fibrillose to strigose. 


Spores 7-9.5 & 4-4.5 », oblong in face view, in side view 
curved slightly near apiculate end (hence with a depression), 
smooth, thin-walled, bluish in Melzer’s solution (amyloid); ba- 
sidia four-spored, 26-30 17-8 »; pleurocystidia scattered, sub- 
cylindric with flexuous walls and rounded apexes, 50-90 « 8- 
11 », walls thickened somewhat at least in mid-portion, hayaline 
in KOH, yellowish in Melzer’s solution; cheilocystidia similar to 
pleurocystidia but usually smaller and with thin walls; gill tra- 
ma subparallel, yellowish in Melzer’s solution; subhymenium 
very thin and not distinctive; pileus trama with a rudimentary 
pellicle of diverticulate hyphae or diverticulate hyphae aris- 
ing from the surface of the exposed hypodermal cells, hypo- 
derm well differentiated, several cells deep, trama proper fila- 
mentous and interwoven, the hyphae 10-18 » broad, yellow- 
ish in iodine; clamp connections absent. 

Habit, habitat and distribution. Gregarious under Pinus 
contorta in seepage area near a beaver dam, at an elevation of 
8800 feet. 


The hairs over the base of the stipe are made up of thick- 
walled hyaline hyphae. The fungus resembles Hygrophorous 
recurvatus in aspect when fully expanded, but it is totally dif- 
ferent microscopically. In the classification of Smith (1947) 
it would key out in the Omphaliariae where the amyloid 
spores would place it near Mycena pseudogrisea and Mycena tur- 
binata. The long narrow pleurocystidia with slightly thickened 
walls separate it from either. 


Herbarium and Department of Botany, 
University of Michigan, Ann Arbor. 
Department of Botany and The Rocky Mountain Herbarium, 
University of Wyoming, Laramie. 
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ANNUAL PLANTS AT HIGH ALTITUDES IN THE SIERRA 
NEVADA, CALIFORNIA 
F. W. WENT 


In a previous paper (Went, 1948) some remarks were made 
about annual plants in the southern Sierra Nevada. It was 
shown that 75 per cent of them had close relatives in the desert, 
because 1) the alpine habitat of the southern Sierra is climatc- 
logically closely related to the desert habitat, and 2) so many 
alpine annuals belong to western American endemic genera. 
From Table 3 in the cited paper it would seem as if therophytes 
(annual plants) were more developed in the European alpine 
regions than in the Sierra Nevada. Observations made in 1951 
in the Evolution Basin of the Southern Sierra Nevada (just 
west of Bishop) and in 1952 in the Mt. Banner-Ritter area tend 
to modify the latter conclusion. At an elevation of exactly 3000 
m., about 300 m. below timberline, a total of 36 annual plants 
was observed (see Table 1). At 3300 m., still 12 annuals were 
observed, which are marked in the table. There is no doubt in 
my mind that many more annual species can be found at 3000 
m. or above in other localities of the Sierra Nevada, or in other 
years. It is difficult to use the altitudinal distribution data from 
Jepson, since they are rather consistently too low. This may he 
partly due to the fact that many of his figures are based on the 
northern and central California mountains rather than the 
southern Sierra Nevada. It also is caused by the necessarily 
incomplete collection on which his conclusions are based, but 
perhaps the most important factor is that when the seeds oz 
annuals are present at higher altitudes, they germinate more 
rarely, and thus these plants are collected only occasionally. 

Table 1 gives data which were obtained through perusal of 
the herbarium of the University of California in Berkeley, 
Jepson’s Manual, and trips into the Sierra Nevada in 1945-1951. 
In 1945 and 1946 the northeastern part of Yosemite National 
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Table 1. Altitudinal distribution records (m. above sea level) of 49 


obligate, facultative, or occasional annuals in the southern Sierra: Nevada, 


Personal observation 


Altitudinal Highest re corded 1947 1951 1952 
Annuals range accord- rbari m U.C. cars 0S oso Te 
ing to Jepson Alt. Year Eo eh ee BOLO Mae 
eo 8° 8° 8° 8° 
pine eh set, mo OO oo No mo 
septen picbatis 

var. subumbellata 3900-3900 3800 %33, '37, ‘'37 
Chenopodium album not given x 
Collinsia parviflora 760-2600 X X xX X X 
GC. Torreyi 900-2450 
Collomta linearis 390-2500 X 
Ube mena 

glomeriflora 1800-3100 3300 '46, '50 aaa § X 
Qescurainia pinnata 400-2500 xX 
Oraba stenoloba 2100-3600 X X Xx 
Eleocharis acicularis 

var. be not given 3300 '31 X 
E, Bolanderi 1800-2100 Xx 
Epilobium 

angustifolium 600-2000 yoy 
E, minutum 30-1400 xX X 
Eriogonum spergulinum 1500-2750 Xx x 
Galium bifolium 1500-2450 X 
Gayophytum humile 1000-2450 Ae aK Ba X X 
G, ramosissimum 1500-3300 
Gilia leptalea 300-2750 2750 35 xX x A 
Ginaphalium palustre 3-1200 2300 X X 
Hemizonella minima 1109-2450 2450 Xx X X 
Juncus bufonius not given Xx X 
J. trifornis 69-1900 (see Hermann) KA aXieicXe) &X X 
Lewisia nevadensis 2100-3300 Re ue 
Linanthus ciliatus 100-2450 3050 '35 x X 
L. ciliatus 

var.neglectus 1800-2750 X X xX x 
L, Harknessii 1500-2100 3100 '¢37 xX xX x 
L. montanus 400-1500 2750 '05 
L. oblanceolatus 2600-3000 3300 '49 
Mimulus Breweri 1450-3000 3300 '37, '40 ? 

(1, coccineus 3300 '37 

il, deflexus 3300 '42 

M, densus 2750 '37, "49 

“, Leptaleus 2100-2450 3200 '43 

(ft, mephiticus 1500-3300 3300 '96 Xx 
tl, montioides 1800-3300 2750 ‘'42 ? ? 
ff. manus 1599-3300 3300 '42 

My rubellus 1800-2900 3300 '42 X X X X xX 
M. Suksdorfii 3500 50 

tt, Whitneyii 3390 '37 

si 

seve ay ee not given KOK aye OR aK 
Navarretia Breweri 1200-2400 xX 
N, divaricata 750-1500 2100 X xX 
Nemophila spatulata 1500-2750 3200 -'36 XTX x 
Orthocarpus lacerus X 
Phacelia Eisenii 1250-2450 3300 '¢49 »§ x Xx 
P, humilis 1200-2500 2850 '%44 

P. ramosissima 60-2750 2900 '46 

Plagiobothrys Torreyi 1200-2450 2450 X 
Polygonum Douglasii 1200-2450 3300 '42 XK K x 
P, imbricatum : 

(Kelloggii) 1800-3000 2900 '36 Ne Ke Xe xX xX 
P. minimum 1200-2100 3500 '37 XP EXE aX x 
P. sawatchense not given 2700 '05 
P.. spergulariaeforme not given X 
Saxifraga bryophora 2450-3400 Xx X X x 


Streptanthus tortuosus 600-3200 x 4 xX X 
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Park was visited, and at high altitudes (3000 m. or over) nc 
annual plants were observed. In 1947 a limited number of 
annuals was found near the “Timberline” station of the Car- 
negie Institution of Washington, in the vicinity of Tioga Pass 
in Yosemite National Park, at 3000 m. altitude. In 1949 the 
Kearsarge Pass area, in the eastern part of Kings’ Canyon 
National Park, was visited, and at 3000 m. only Polygonum 
imbricatum was found. Then in 1951 and 1952 an unprecedentec 
development of annuals was found in the Evolution Basin anc 
Agnew Pass areas, in the northernmost end of Kings’ River 
National Park and just south of Yosemite National Park. Most 
of the observations were made near Colby Meadows, 3000 m., 
Evolution Meadow, 2750 m., Evolution Lake, 3300 m., anc 
Agnew Pass, 3000 m. 


Eighteen species of annuals were observed at a greater 
altitude than they had been collected previously. Ten were ob- 
served at the same altitude as the highest collected previously, 
and only six were found lower than they have been found be- 
fore. Therefore it seemed as if 1951 and 1952 were very specia! 
years for the growth of annual plants at high altitudes in the 
southern Sierra Nevada. To get some data concerning preval- 
ence of annuals at certain altitudes in different years, the col- 
lections of 28 species, reaching above 2400 m., were counted in 
the herbarium of the University of California in Berkeley, anc 
they were divided into four altitudinal ranges and recorded ac- 
cording to year of collection. Table 2 shows the data as obtained 
from the perusal of the herbarium. It was immediately clear 
that in two years, 1937 and 1942, about half the annuals were 
collected at or above 3300 m., whereas in all other years only 
a small percentage, usually under 20 per cent, was collectec 
at those altitudes. This was partly due to intensive collecting 
at the higher altitudes during those years (Sharsmith in 1937), 
but when we compare the number of annuals collected at 
lower altitudes below 3000 m.), we find that about the same 
numbers were collected per year in 1937 and 1942, as in al! 
other years from 1933 on. Therefore the general collecting in 
those years was about normal. In 1949 and 1950 collecting of 
annuals was about evenly spread over the different altitudina! 
ranges, which was not an indication of relative abundance ai 
higher altitudes; at least my personal recollection of the aspects 
of the vegetation in the Kearsarge area during 1949 does not 
indicate any unusual occurrence of annuals at or above 3000 m. 
Whereas in the 1948 paper is could be concluded from Table 3 
that the number of annuals at comparable altitudes (in relation 
to timberline) is greater in the Alps than in the Sierra Nevada, 
a closer analysis seems to show just the opposite situation; 
there are more annuals just below timberline in the southern 
Sierra Nevada than in the Alps. And the list of Table 1 is far 
from complete, since it is based on only very limited field 
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Table 2. Altitudinal distribution of the collections 
of 28 annual species in the Herbarium of the University of California 
at Berkeley, separated according to years, 


Altitudinal Range 


3000 m. 2700 m. 


Total Baie Total Per 
Cent 


Years 


1937 and 1942 
1949 and 1950 


1933 - 1936; 
1938 - 1941; 
1943 - 19 


observations and a very incomplete survey of collections made 
by others. It seems likely that a complete list of annuals occur- 
ring at or above 3000 m. in the Sierra Nevada will comprise 
€0 to 80 species. 


There is an interesting fact which can be extracted from 
Table 1, and that is the enormous altitudinal range of some 
of these annuals (Table 3). Whereas perennials, trees, and 
shrubs usually have a rather limited altitudinal range within 
which they occur, in annuals this range is much wider, because 
at different altitudes the same sequence of temperatures may 
eccur at different times of the year. Thus the annuals listed 
may flower in May or June at their lower range, and in July 
or August at the higher range, and in this way flowering oc- 
curs at the same temperature. 


Even though plants at different altitudes may be subjected 
to the same temperatures at some critical stage of their de- 
velopment, at other stages they are necessarily growing 
under very different conditions, such as different photoperiods. 
Therefore we can expect to find strong ecotype formation 
among these annuals, especially among those with the greatest 
altitudinal distribution range. Those in Table 3 with a range 
over 3100 m. are: Eleocharis acicularis and Juncus triformis. 
Both of these have been separated into a number of varieties, 
which, in Juncus triformis, have been elevated to the rank of 
species (Hermann, 1950). An altitudinal distribution range 
between 2700 and 3100 m. is found in: Collinsia parviflora, 
Epilobium angustifolium, E. minutum, Gilia leptalea, Gnapha- 
lum palustre, Juncus bufonius, Linanthus cihatus and Phacelia 
rimosissima. Among these ten species only Epilobium and 
(:naphalium can be distributed easily over long distances by 
wind; the distribution of the other species is probably largely 
by water, and over limited distances only. Therefore we can 
expect rather extensive differentiation of ecotypes, almost com- 
pletely separated geographically, in Collinsia, Giulia, Juncus, 
Linanthus and Phacelia, and these plants should be excellent 
material for the study of evolution. Being annuals, a genetical 
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Table 3. Number of species which have an altitudinal 
range within the limits shown in the upper row, as taken from Table 1, 


ns 

Meters 0 - 300 - 700 - 1100 - 1500 - 1900 - 2300 - 2700 - 3100 = 3500 
o! OF 

nebee ies 0 al 3 4 15 5 3 8 2 


analysis of these plants might be feasible, and thus supplement 
the data collected by Clausen, Keck, and Hiesey on perennials. 


For such an evolutionary study it is necessary to make an 
extensive seed collection of these annuals in different localities, 
and every botanist is urged to collect seed of any species listed 
in Table 1 and to send them to the author. 


To see whether the climatical conditions in the years 1937, 
1942, and 1951 showed parallel deviations from normal, the 
weather data from five High Sierra meteorological stations 
were averaged. The monthly average temperature, and total 
rainfall were plotted and compared with the normal averages. 
As stations were chosen; Truckee or Soda Springs (2000 m-. 
alt.), Twin Lakes or Tamarack (2400 m. alt.), Ellery Lake (2900 
m. alt.), Huntington Lake (2150 m. alt.), and Giant Forest 
(2000 m. alt.). They lay equidistant approximately in a line 
north-northwest to south-southeast at 100 km. intervals. This 
gave a good coverage of climatic conditions in the central and 
southern High Sierras. The data showed no common denomi- 
nator for the years with high rates of germaination at high 
altitudes. It is possible that a warmer than average month of 
May has something to do with it, but there seem to be no 
correlations with wet or very warm or cold preceding winters. 
It is evident that only a much more detailed study of the 
germination conditions near each of the high altitude mete- 
orological stations might produce useful correlations. 


The seeds collected in the Evolution Basin and an addition- 
al collection from Timberline Station made by Dr. Jens Clausen 
were laid out to germinate in different temperatures. The seeds 
which germinated were those treated for several months at 
0° or 5° C., and then kept at low temperatures of 10°-6° C. Most 
readily grew the bulbils of Savrifraga bryophora,; in some cases 
more than 50 per cent developed. In a 16-hour photoperiod at 
10° C., alternating with a 6° C. nyctotemperature, the rosettes 
grew large, and inflorescences with a terminal perfect flower 
and many lateral bulbils developed. Under the same tempera-. 
ture treatment Collinsia parviflora, Mimulus species, Linanthus 
Harknessu, L. ciliatus neglectus, and Juncus bufonius germinated 
and grew well; the plants became several times larger than 
those observed in nature. Of Nemophila spathulata and Gavo- 
phytum each only one S220 pee 50) germinated, but both died 
before anthesis. 
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SUMMARY 

Based on field collections and a herbarium study, it was 
shown that at least 30, and probably between 60 and 80 species 
of annuals could be found at altitudes of 3000 m. and over in 
the southern Sierra Nevada of California. In a few years (1937, 
1942, 1951, 1952) there were an exceptional number of annuals 
at higher altitudes; this could not be correlated with any mete- 
orological peculiarities in those years. 
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NOTES ON MALVACEAE IV. 
THREE NEW SPECIES AND A NEW COMBINATION 


Tuomas H. KEARNEY 

Abutilon Carterae sp. nov. Planta herbacea, ut videtur 
annua; caulibus usque 0.5 m. altis, validis, densissime albido- 
lanatis; foliorum laminis usque 20 cm. longis, suborbicularibus, 
profunde cordatis sinu aperto, subito acuminatis, crenulato- 
denticulatis, 9-nervatis, valde discoloratis, subtus dense al- 
bido-tomentosis; petiolis validis, laminam plerumque subae- 
quantibus; stipulis filiformibus, mox caducis; floribus in pani- 
culam terminalem, elongatam, pauciramosam, apertam dis- 
positis; calycibus fructiferis circa 6 mm. longis, circa dimidiam 
partem fructus aequantibus, tomentosis, lobis deltoideis, acu- 
minatis; petalis circa 8 mm. longis, patentibus, ochroleucis, 
obovatis, insigniter venosis, androeceum et stylos multo super- 
antibus; staminibus numerosis, tubo brevi confertis; stylis 
elongatis; stigmatibus parvis, capitatis; fructibus breviter cylin- 
draceis, truncatis; carpellis 8 vel 9, circa 10 mm. longis, 
breviter aristatis, villosis, loculicidalibus, plerumque 2- sper- 
mis; seminibus deltoideo-reniformibus, circa 2.5 mm. longis, 
minute lineato-stellulatis. 

Plant herbaceous, apparently annual; stems tall (0.5 m. 
or more), stout (5 mm. in diameter near base), densely white- 
lanate with very short, partly forked hairs; leaf blades up to 
20 cm. long and 17 cm. wide, suborbicular, deeply cordate with 
an open sinus, abruptly acuminate, crenulate-denticulate, 
sometimes obscurely trilobate, strongly discolorous, dark 
green and tomentulose with very short, simple and forked © 
hairs above, densely white-tomentose beneath, 9-nerved from 
the base, the veins somewhat prominent beneath; petioles 
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stout, often nearly as long as the blades; stipules filiform, soon 
caducous; inflorescence an elongate, few-branched, open, ter- 
minal panicle; fruiting calyx open-campanulate, about 6 mm. 
high, about half as long as the fruit, rather loosely tomentose, 
the lobes deltoid, acuminate; petals about 8 mm. long, spread- 
ing, light cream in color (collectors’ note), obovate, conspicu- 
ously veined, much longer than the androecium and styles; 
stamens many, crowded on the short tube; style branches 
elongate; stigmas small, capitate; fruit short-cylindric, trun- 
cate; carpels 8 or 9, about 10 mm. long, shortly aristate (the 
awns about 1 mm. long), villous with long, mostly simple hairs, 
finally dehiscent loculicidally nearly to the base; seeds usual- 
ly 2 per carpel, deltoid-subreniform, 2.5 mm. long and wide, 
stellulate-puberulent in irregular lines. 


Type. Arroyo de Tabor, Sierra de la Giganta west of 
Puerto Escondido, Baja California, Mexico, elevation 125 m., 
growing with Lysiloma, Ulmus, and Erythea, Carter & Kellogg 
2871 in 1950 (University of California Herbarium no. 963749; 
isotype in Herbarium California Academy of Sciences no. 
371705). Collected also three years previously in Arroyo 
Hondo, north side of Cerro de la Giganta, “among loose rocks 
on canyon side,” elevation about 630 m. (Carter, Alexander & 
Kellogg 2055). The species is known only by these two col- 
lections in eastern Baja California between latitudes 26°10’ 
and 25°48’N. All of the specimens have only very mature 
fruits and a few withered flowers. 


aor 7 


Abutilon Carterae evidently is related to A. sonorae Gray 
of mainland Mexico and southern Arizona, but differs strik- 
ingly in the conspicuously lanate stems devoid of the very long 
and slender, spreading, simple hairs that are borne on the 
otherwise merely puberulent to nearly glabrous stems of 
A. sonorae. Also the leaves are more discolorous in A. Carterae. 
They are usually markedly although shallowly trilobate in 
A. sonorae, but there is only an occasional very slight indica- 
tion of this character in A. Carterae. 


Abutilon coahuilae sp. nov. Planta ut videtur herbacea vel 
suffrutescens; caulibus erectis, supra ramosis, infra teretibus, 
apicem versus paulo angulatis; caulibus, foliis, et calycibus 
densissime pannoso-canescentibus pilis minutis stellatis; folio- 
rum laminis ovatis, breviter cordatis sinu aperto, gradatim et 
acute acuminatis, insigniter duplo serrato-dentatis, crassius- 
culise, base 9-nervatis, reticulatis, nervis subsus elevatis, 
petiolis laminas subaequantibus; stipulis subulatis, mox ca- 
ducis; floribus in paniculam terminalem, elongatam, apertam, 
foliosam, longe-ramosam dispositis; calycibus fructiferis pro- 
funde partitis, valde reflexis, fructu cylindraceo brevioribus, 
lobis ovato-lanceolatis, acuminatis; petalis ut videtur flavis 
vel aurantiacis, circa 9 mm. longis, obovatis, insigniter venosis, 
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androecio stylisque longioribus; carpellis 5, triovulatis, maturis 
circa 10 mm. longis, breviter aristatis, stellato-canescentibus, 
loculicidalibus atque demum septicidalibus; seminibus circa 
2 mm. longis, obovoideo subreniformibus, pubescentibus. 

Plant apparently herbaceous or suffrutescent; stems erect, 
branching above, terete below, somewhat angulate toward 
apex; stems, leaves and calyx very densely pannose-canescent 
with minute stellate hairs, the pubescence yellowish in the 
dried specimen; leaf blades ovate, shallowly cordate with an 
open sinus, gradually and sharply acuminate, conspicuously 
doubly serrate-dentate, thickish, 9-nerved from the base and 
reticulate, the nerves prominent beneath; petioles nearly as 
long as the blades; stipules subulate, soon caducous; inflores- 
cence a terminal, elongate, open, leafy, long-branched panicle; 
fruiting calyx deeply cleft, strongly reflexed, shorter than the 
cylindric fruit, the lobes ovate-lanceolate, acuminate; petals 
apparently yellow or orange, about 9 mm. long, obovate, con- 
spicuously veined, longer than the androecium and styles; 
carpels 5, triovulate, at maturity about 10 mm. long, shortly 
aristate (awns 1—1.5 mm. long), stellate-canescent, loculicidally 
and finally septicidally dehiscent; seeds about 2 mm. long, 
obovoid-subreniform, pubescent. 

Type. Cerro de Santiago near Bolivar, Coahuila, Mexico, 
C. A. Purpus 4617 in 1910 (University of California Herbarium 
no. 144778; isotype, U.S. National Herbarium. The type 
specimen has excellent fruit but only one withered flower, and 
does not show the basal part of the plant. 

Abutilon coahuilae is nearly related to A. malacum Wats., 
less closely to A. incanum (Link) Sweet. From both of these 
species it differs in its more sharply toothed leaves and, es- 
pecially, in its distinctly aristate (not merely mucronulate) 
earpels. In the very fine and close pubescence it resembles 
A. malacum, but the latter has broader, mostly suborbicular 
leaves and a generally more compact inflorescence. 


Pavonia Ulbrichiana sp. nov. (Section Eupavonia). Frutex 
1-3 m. altus; ramis juvenilibus, foliis, pedunculis, involucellis 
et calycibus hirsuto-tomentosis pilis longiusculis; foliorum 
laminis crassiusculis, paulo discoloribus, late ovatis, acutius- 
culis, subcordatis, irregulariter duplo dentatis, e base 5-nerva- 
tis, nervis subtus elevatis; petiolis validis, quam lamina muito 
brevioribus; stipulis subulatis, brevibus, hirsutis, mox caducis; 
floribus in axillis foliorum superiorum solitariis; pendunculis 
paulo brevibus, validis, apicem versus articulatis; involucelli 
phyllis 4, distinctis, latissime deltoideo-ovatis, circa 16 mm. 
longis et latis, cordatis, acutiusculis; calycibus 15-20 mm. 
longis, campanulatis, profunde partitis, lobis oblongo-ovatis, 
acutis, plurinervatis; petalis rubris, erectis, externe sparse 
pubescentibus, circa 4.5 cm. longis, androeceo et stylis paulo 
longioribus; carpellis circa 8 mm. longis, leviter arcuatis, ob- 
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longis, obtusis, muticis, laevibus, ut videtur omnino dehiscenti- 
bus. 

Shrub 1-3 m. high (collector’s note); young branches 
leaves, peduncles, involucels, and calyces hirsute-tomentose 
with rather long, few-armed hairs, the pubescence (in the 
dried specimen) ferruginous; leaf blades (only the uppermost 
seen) rather thick, moderately discolorous, up to 6.5 & 5 cm., 
broadly ovate, subcordate, acutish, irregularly doubly dentate, 
5-nerved from the base, the nerves prominent beneath; petioles 
stout, much shorter than the blades; stipules subulate, short, 
hirsute, soon caducous; flowers solitary in the axils of the up- 
per leaves; peduncles rather short, stout, articulated near 
apex; involucel of 4 distinct, very broadly deltoid-ovate, 
cordate, acutish bractlets, these about 16 mm. long and wide; 
calyx 15-20 mm. long, campanulate, deeply 5-cleft, the lobes 
obleng-ovate, acute, several-nerved; corolla red (collector’s 
note), about 4.5 em. long, funnelform-campanulate, the petals 
erect, sparsely pubescent externally with hairs like those ot 
the herbage, the petals somewhat longer than the androecium 
and styles; carpels 8 mm. long, about one-third as wide, oblong, 
slightly arcuate, obtuse, muticous, smooth, not evidently 
veined, apparently completely dehiscent. 

Type. Maranhao-Para, Brazil, Snethlage 170 in 1923 (Chi- 

cago Natural History Museum no. 693728), the only collection 
_ known to the writer. 

As a rule, description of a novelty from such scanty ma- 
terial should be avoided, but Pavonia Ulbrichiana seems a very 
distinct species, although evidently related to the Brazilian 
P. Garckeana Gtierke. These two species, so far as the writer 
knows, differ from all other American representatives of the 
genus in having an involucel of only four bractlets, these 
broad and cordate. In P. Garckeana, however, the leaves are 
much longer than wide, the hairs of all parts of the plant 
shorter, the involucel, calyx, and corolla smaller, the calyx 
lobes narrower (deltoid-lanceolate), and the carpels very dif- 
ferent, being only about one-half as long as in P. Ulbrichiana, 
obovoid-trigonous, reticulate-veined and nodulose-tuberculate. 

The new species was given a name by the late Prof. Dr. 
Eberhard Ulbrich of the Berlin-Dahlem Museum, but was not 
published by him. It is a pleasure to dedicate it to him, in 
recognition of his outstanding contributions to our knowledge 
of the Malvaceae. 

Sida pulverulenta (Ulbrich) comb. nov. Abutilon pulveri- 
lentum Ulbr., Engler’s Bot. Jahrb. Beibl. 117:51. 1916. 

This species is here transferred to Sida because Ulbrich 
described the carpels as “monosperma.” <A photograph of the 
type in the herbarium of the Chicago Natural History Museum 
bears a sketch, presumbably made by Ulbrich, showing a 
solitary, pendulous ovule. The relationship appears to be 
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with a more or less artificial group of species of Brazil, 
Paraguay, and northern Argentina, that includes Sida adscen- 
dens St. Hil., S. purpurascens Salzm., and S. Regnellu R.E. 
Fries. All of these, including S. pulverulenta, have the petals 
from white fading pink to rose-violet and fruits of 7 or more 
muticous carpels. Sida pulverulenta has the largest flowers of 
the group (petals about 20 mm. long), whereas they are less 
than 15 mm. long in the other 3 species. Sida pulverulenta 
differs from S. Regnelli in the absence of long, simple hairs on 
the stems and in its broader leaves. From S. adscendens and 
S. purpurascens it is distinguished by the more numerous carpels 
and other characters. The type of Abutilon pulverulentum came 
from near San Miguel, Dep. Cajamarca, Prov. Hualgayoc, 
Peru (Weberbauer 3904). 


IpeENTITY OF HiBiscus PULVERULENTUS GrISEB. This plant 
was described by Grisebach (1879, p. 49) as an Hibiscus, al- 
though he compared it with Fugosia phlomidifolia St. Hil., which 
is Cienfuegosia affinis (H.B.K.) Hochr. Hochreutiner (1902, p. 45) 
although he had not seen a specimen, concluded that it might 
well belong to Hibiscus, although, in his monograph of that 
genus (1900, p. 173) he had referred it previously to “Fugosia 
pulverulenta.” In her revision of the Argentinian species of 
Hibiscus, Rodrigo (1948, p. 150) accepted Hochreutiner’s earlier 
opinion that this plant is a Cienfuegosia although she, too, had 
seen no specimen. The identity of Grisebach’s plant seems 
now to be established by the discovery, in the University of 
California Herbarium, of a specimen labelled, in what is prob- 
ably the handwriting of one of the collectors, “1082 Hibiscus 
pulverulentus Gr. n. sp. Salta Ende Nov. 73 Lorentz et Hierony- 
mus.” Although Grisebach (ibid.) cited no collectors’ number, 
this specimen may well be an isotype. The plant is evidently a 
Cienfuegosia, and is C. sulphurea (St. Hil.) Garcke, according to 
Rodrigo’s key to the Argentinian species (1941, p. 217) and J. 
B. Hutchinson’s key to the genus (1947, p. 126) as a whole. 


California Academy of Sciences, 
San Francisco, California. 
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TWO NEW OAK HYBRIDS FROM CALIFORNIA 


Joun M. TUCKER 


Quercus  subconvexa hybr. nov. (Q. durata Jepson * Q. 
Garryana Dougl.) Arbor parva vel arbuscula usque ad 6 m. alta 
ramulis griseo-brunneis tomentosis demum glabratis vero brun- 
neisque alabastris ovoideis vel sphaeroideo-ovoideis hirsutis 
vel glabratis pallide brunneis 2.5—5 (8) mm. longis foliis deni- 
que deciduis in ambitu plerumque obovatis vel latioribus 
vel ellipticis 4—8.5 cm. longis 2—6 cm. latis paginis superioribus 
leviter convexis basi cuneatis vel rotundatis haud profunde 
lobatis vel crasse dentatis dentibus lobisve plerumque mucro- 
natis paginis superioribus aliquanto nitidis eis inferioribus 
pallidis haud nitidis stellato-pubescentibus petiolis 4—8 mm. 
longis cupulis hemisphaeroideis 11—16 (-20) mm. latis 6—8 (-11) 
mm. altis glandibus ellipsoideis 20—22 (-30) mm. longis ca. 12 
(usque ad 18) mm. latis. 


Small tree to 6 meters in height. Twigs of the current 
year’s growth 1—3 mm. in diameter, from grayish-brown and 
tomentose when young to glabrate and brown in age, with 
small, inconspicuous, light-colored lenticels. Buds 2.5-5 (or 8) 
mm. long, ovoid to round ovoid, hirsute to glabrate, light 
brown in color. Stipules caducous, 6-7 mm. long, ligulate to 
spatulate, appressed-pubescent on dorsal surface, light golden- 
brown. Leaves tardily deciduous, upper surface slightly con- 
vex, usually obovate to broadly obovate or elliptical in outline, 
4-8.5 cm. long, 2-6 cm. broad, base cuneate or rounded, shallow- 
ly lobed or coarsely toothed, the lobes or teeth often abruptly 
acute with mucronate apices, upper surface somewhat shiny, 
from stellate pubescent in young leaves to glabrate in age ex- 
cept for sparse, short pubescence along the base of the midrib, 
lower surface pale and dull, stellate-pubescent; secondary 
veins 6-8 on a side; petiole 4-8 mm. long, pubescent or glabrate. 
Staminate catkins to 5 em. long, rachis puberulent, perianth 
glabrous except for the ciliate margins of the lobes, stamens 
glabrous, well-exserted. Acorn cups hemispheric, 11-16 (or 20) 
mm. broad, 6-8 (or 11) mm. high, base of the scales distinctly 
tuberculate and covered with fine, light-colored pubescence, 
the tip flat, broadly triangular to ligulate, pubescent to glab- 
rate and light brown in color, or the tuberculate portion some- 
times tapering, keel-like, into the tip; acorn ellipsoid, about 
20-22 (or 30) mm. long, about 12 (to 18) mm. broad, glabrate. 


Type. Approximately 5 miles north-northeast of Gilroy 
(Morgan Hill Quadrangle: Section 16, Township 10 S., Range 
4 E.); north slope, elev. 1300 feet, Santa Clara County, Cali- 
fornia, August 27, 1947, Tucker 1581 (University of California 
Herbarium No. 938395). 


Other collections examined. Type locality: Dec. 15, 1937, 
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Hendrix 728; May 1, 1946, Tucker 13903A, B, C, D; Oct. 5, 1946, 
Tucker 1452; Aug. 27, 1947, Tucker 1582, 1583, 1584, 1585, Oct. 
7, 1951, Tucker 2300A, B. Marin County, California: Three- 
eighths mile west of Bluff Point, Tiburon Peninsula, Aug. 1, 
1947, Tucker 1576, 1577, 1578, open serpentine hillside, ca. three- 
eighths mile east of Tiburon, Aug. 1, 1947, Tucker 15S0A, B, C, 
O, E, F, G. Beside Ridgecrest Road, about 7.5 miles southwest 
of Fairfax, Aug. 31, 1947, Tucker 1559; Oct. 7, 1951 Tucker 2302. 

The fact that oak species belonging to the same subgenus 
often hybridize when growing in close proximity to one anoth- 
er is well known. No authentic case is known thus far, how- 
ever, of hybridization between a black oak (subgenus Erythro- 
balanus) and a white oak (subgenus Lepidobalanus) under na- 
tural conditions, although Pjatnitzky (1946) has reported the 
experimental production of such hybrids: Q. borealis var. max- 
cma (of Erythrobalanus) < Q. Robur (of Lepidobalanus), and 
QO. borealis var. maxima < Q. macranthera. In a _ recent 
enumeration of interspecific hybrid oaks of North Amer- 
ica, Palmer (1948) recognized 80 (a few of them doubtfully), 
and mentioned that more than 15 others (as yet unnamed) are 
indicated by specimens in the Arnold Arboretum herbarium 
and other collections. Eventually the total is certain to be 
much larger, particularly as the oaks of Mexico and Central 
America become more thoroughly known. The two hybrids 
described in this paper are noteworthy because of the remote- 
ness of relationship of the parental species. 

The parents of Quercus & subconvexa are strikingly differ- 
ent morphologically. Quercus Garryana is arborescent (in the 
part of its range where the hybrid occurs), deciduous, with mod- 
erately large, flat, lobed leaves (fig. 1), and occurs most com- 
monly in mesophytic situations in the coast ranges of central 
and northern California, ranging northward as far as southern 
British Columbia. Quercus durata, on the other hand, is shrubby 
and evergreen, with small, hard, strongly revolute, toothed 
leaves. It comprises an element of the chaparral on dry slopes 
in the coast ranges of California, from Trinity County to Los 
Angeles County and in the Sierra Nevada foothills of Nevada, 
Placer and E] Dorado counties. It usually occurs on serpentine 
formations. 

This unusual hybrid first attracted the writer’s attention 
when a specimen, Hendrix 728, was discovered in a folder of 
QO. Garryana material in the Vegetative Type Map Herbarium 
in Berkeley. Although it had been identified as Q. Garryana, 
and definitely resembled that species, it seemed obvious, 
nevertheless, that it was not conspecific. 


The possibility of its being a hybrid between Q. Garryana 
and some other white oak was considered. The size of the 
leaves—in general, smaller than those of Q. Garryana—their 
more shallow lobing, their slightly convex (rather than flat) 
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Fig. 1. Representative leaves of Quercus X subconvexa, QO. X How- 
elli, and parental species: A. Q. durata, B.Q. X subconvexa (Tucker 1581), 
OR GV Os a ee) DO. XK Howells: 
(Tucker 1591), E. QO. dumosa. | 
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upper surface, and the fact that they were persisting well 
into the winter (the collection was made Dec. 15, 1937), sug- 
gested an evergreen species with small, non-lobed, strongly 
convex leaves as the other parent. This combination of char- 
acters allowed only one possibility—Q. durata. The presence 
of this species in the same area was confirmed when a sheet 
was found in the Vegetation Type Map Herbarium with pre- 
cisely the same collection data as that of the putative hybrid— 
identical location, date, and collector! 


A visit to the collection site revealed the presence of fifty- 
two small trees, the tallest about fifteen feet in height, form- 
ing a small, compact, pure stand only about fifteen yards 
across. A striking homogeneity in habit and general appear- 
ance was immediately apparent throughout the group. It seems 
probable that the group represents a smaller number of clones. 
Arising from the soil close in around the bases of many of the 
trunks, were numerous shoots one foot or less in height. The 
subterranean portions of several of these shoots were seen to 
be attached to the main axis (root?) of one tree, about six 
inches below the soil surface. Some of the fifty-two larger 
trunks may well have originated in this way from a smaller 
number of older individuals. Muller (1951) has recently dis- 
cussed the significance of vegetative reproduction similar to 
this in various oak species. Indeed, the variety Breweri of 
Quercus Garryana typically exhibits this mode of growth. 


This stand was near the top of a hill, on a north-facing 
slope. Immediately below it was a patch of Q. durata—low 
compact shrubs. On this north slope was a mixed growth 
dominated by Q. agrifolia and Umbellularia californica, with a 
seattering of small trees of Q. lobata. Quercus Douglasu was 
present on the lower slopes, and a single thirty-foot tree of 
Q. Garryana was found near the foot of the hill, about 250 feet 
below the location of the putative hybrids. 


The evidence seems to justify an assumption of a hybrid 
origin for these oaks. In addition to the presence of Q. durata, 
and the absence of other shrubby white oaks in their vicinity, 
they show similarities to Q. durata in a number of character- 
istics: (1) the leaves are slightly convex on the upper side, 
those of Q. durata usually being strongly so, (2) the teeth and 
lobes of the leaves have mucronate apices, (3) the stellate 
hairs of upper and lower leaf surfaces respectively are similar 
in length and relative abundance, (4) minute wart-like pro- 
tuberances bearing stellate hairs on the upper leaf surfaces, 
are characteristic of the Q. durata at the locality of the hybrids; 
leaves of the hybrid have similar, but fewer protuberances, 
(5) the size and shape of the acorns and cups are very similar, 
and to a lesser degree the cup scales, also, and (6) although 
this putative hybrid is not shrubby, its small stature could 
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logically be considered a state intermediate between a larger 
tree and a shrub, the latter being the habit exhibited by Q. 
durata. 

Similarly, morphological evidence strongly indicates Q. 
Garryana as the other parent, although Q. lJobata and Q. Doug- 
last (all three, of course, being arborescent, deciduous, white 
oaks) occur in the vicinity, also. Quercus Douglasu is eliminat- 
ed for the following reasons: (1) all herbarium material of 
this species from Santa Clara County examined, had leaves 
which, on the average, were smaller and less deeply lobed 
than those of the hybrid, and (2) the hybrid shows no bluish 
leaf color (a common feature of Q. Douglasu) in either young 
or mature leaves. Of the other two species, the hybrid is 
more similar to Q. Garryana in all the characters analyzed: 

Leaves. The usually broadly obovate leaf outline in the 
hybrid, broad, short lobes, and rather shiny upper surfaces 
all bear a closer resemblance to Q. Garryana than to Q. lobata. 

In the hybrid, the reticulum of veinlets on the upper sur- 
face is fine, but conspicuous on close inspection. In this it is 
similar to Q. Garryana; in Q. lobata the reticulum is usually 
quite faint. 

STELLATE HAIRS. In length and abundance of stellate hairs 
on the lower leaf surface, the hybrid resembles Q. Garry- 
ana much more closely. In Q. lobata, these hairs are usually 
very short and abundant, forming a dense, felt-like covering. 
In Q. Garryana, they are usually distinctly longer, sparser, and 
almost never form a dense, felt-like indument. In the hybrid 
these hairs are even longer (varying toward Q. durata in this 
respect) and more sparsely distributed than in Q. Garryana. 

Bups. In shape and pubescence of winter buds, the hybrid 
is closer to Q. Garryana than Q. lobata. Buds of the former are 
ovoid to narrow-ovoid, and densely hirsute; those of the latter 
are round-ovoid and pubescent with fine, mostly closely ap- 
pressed hairs. Buds of the hybrid are mostly ovoid, from 
short-hirsute to glabrate. 


FLowers. The stigmas of the pistillate flowers of the hy- 
brid are spreading and recurved, in this respect similar to 
Q. Garryana. In Q. lobata, on the other hand, the stigmas are 
usually shorter and spreading but not recurved, or only slight- 
ly reflexed at the tips. 


Fruit. The fruit of the hybrid shows no suggestion what- 
ever of the large, elongated nut, or deep cup-shaped, strongly 
tuberculate cup that typify Q. lobata. It is, rather, very similar 
superficially to that of Q. durata, although in characters of the 
cup (notably color and shape of the cup scales) it is intermedi- 
ate between the Q. Garryana and Q. durata of the locality. 

The hybrid is intermediate between the two parental spe- 
cies not only in morphological characters, but also in the time 
of flowering and length of leaf persistence. 
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When first observed by the author, on May 1, 1946, a few 
of the hybrids were still shedding pollen, but for the most 
part the staminate catkins were withered and dry. On the 
shrubs of Q. durata at this location new growth was just com- 
ing out, and no staminate flowers had started to shed pollen 
as yet. Although the flowering time of Q. Garryana in this 
locality is not known from direct observation, specimens in 
the University of California Herbarium show it to be, for 
California in general, from late March through April (except 
for var. Breweri of higher elevations, which flowers later). 
Thus, if the latter part of April and the first part of May is 
the usual flowering period of the hybrids, they are apparently 
intermediate between the parental species. The occasional 
occurrence of unusual weather conditions of brief duration 
tending to retard the flowering of Q. Garryana or hasten QO. 
durata, could result in an occasional brief overlap in their 
flowering periods, thus providing the opportunity for hybrid- 
ization. 

Quercus durata, as mentioned previously, is evergreen, and 
Q. Garryana is deciduous. The hybrid is tardily deciduous, 
hence intermediate, as indicated by the following observations: 
Hendrix 728, collected December 15, 1937, exhibits numerous 
green leaves still persisting; on March 30, 1947, the trees of 
the stand were leafless except for a few persistent dead leaves; 
and on May 1, 1946, all leaves of the previous season had been 
shed, all foliage on the trees being new growth. 

In March 1947, material was obtained from several mem- 
bers of this stand (Tucker 1493-1409), for study of meiosis in 
pollen mother cells. The haploid chromosome number was 
found to be twelve. This count agrees with those published 
by Duffield (1940), H@eg (1929), Jaretzky (1930) and Sax (1930) 
for other hybrids and species of this genus. No meiotic irregu- 
larities were noticed, although a very few tetrads were ob- 
served with supernumerary nuclei. These represented 4 per 
cent or less of the total number of tetrads studied critically. 
Moreover, an analysis of pollen from specimens taken May 1, 
1946, revealed a low percentage (about 3-7 per cent) of ab- 
normal pollen. These observations are similar to those of Sax, 
who found no more than 8 per cent abnormal pollen in any 
of the hybrids she investigated, a percentage lying in the same 
general range (10 per cent or less) exhibited by all but one of 
the pure species she investigated. 


Subsequent to the author’s first collections in Santa Clara 
County, several occurrences of this hybrid in Marin County 
were brought to his attention by Mr. John Thomas Howell, of 
the California Academy of Sciences. Howell has since cited 
them in his “Marin Flora” (1949). The sub-prostrate shrubs 
on the hillside overlooking the community of Tiburon (Tucker 
1550-A, B, C, D, E, F, G),cited by Howell, were previously re- 
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ferred to Q. Garryana, by Miss Alice Eastwood (1946). They dif- 
fer from typical Q. Garryana, however, in the following charac- 
ters, which vary in the direction of Q. durata: size and shape of 
buds; size, lobing, and persistence of leaves, and their some- 
what convex upper surface; and the color of persistent, dead 
leaves. Shrubs of Q. durata were noted within 100 yards of this 
clump, although no Q. Garryana was observed in the vicinity. 
A clump of eight small, shrubby trees, apparently referable 
to this hybrid, were observed about three-eighths of a mile west 
of Bluff Point, near the end of Tiburon Penninsula (Tucker 
1576,1577, 1578). An individual more obviously intermediate 
between Q. Garryana and Q. durata occurs beside Ridgecrest 
Road, about 7.5 miles southwest of Fairfax (Tucker 1589, 2302). 
At this locality Q. durata is abundant but no Q. Garryana was 
observed. 


Several attempts have been made to obtain acorns from 
one or another of the hybrids, to determine whether or not 
seedlings would show segregation of parental characters. The 
type locality has been visited three different years with uni- 
formly disappointing results. A single mature acorn repre- 
sents the largest collection made here so far. The shrubby 
tree beside Ridgecrest Road, in Marin County, has been slight- 
ly more rewarding. The largest collection to date, made on 
the author’s initial visit with Mr. Howell, comprised about a 
dozen mature acorns. Far more abundant were the numerous 
abortive acorns which had reached various stages of develop- 
ment. An attempt was made to germinate ten of the mature 
acorns, but only one rather weak seedling was obtained. Al- 
though more data are certainly desirable, the available evi- 
dence suggests a high degree of sterility in these hybrids. 
This would scarcely be surprising in a cross between two such 
widely dissimilar parents. Whatever the fundamental cause 
of this apparent inviability of the progeny of Q. subconvexa— 
whether it is due to “cryptic structural hybridity” (Stebbins, 
1945, 1950) or to some other cause—the deleterious effect is 
not clearly revealed until after fertilization. This is indicated 
by the large numbers of small abortive acorns in all stages of 
development observed on the Ridgecrest Road hybrid. The 
high percentage of apparently normal fully-developed tetrads 
and pollen observed in the original hybrid indicates that no 
appreciable ill effects have resulted up to the latter stage. 

On the trip mentioned above, Mr. Howell also pointed out 
a group of three small shrubby trees near the top of Fish 
Grade, between Phoenix and Lagunitas lakes (cited by Howell, 
1949, as suspected hybrids between Q. Garryana and (. 
ceese These individuals are described as hybrids as fol- 
OWS: 


Quercus x Howellii hybr. nov. Q. dumosa Nutt. « OQ. 
Garryana Dougl.) Arbor parva arbuscula usque ad 5.5 m. alta 
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ramulis pallide brunneis aliquanto sparse tomentulosis ala- 
bastris ovoideis vel sphaeroideo-ovoideis puberulentis vel gla- 
oratis pallide rubro-brunneis 3-6 mm. longis foliis (an denique?) 
deciduis in ambitu ellipticis vel obovatis 4-10 cm. longis 2-6 
cm. latis basi cuneatis attenuatis vel rotundatis plerumque 
inaequalibus margine inaequaliter ac haud profunde lobatis 
vel dentibus vel lobis plerumque mucronatis crasse dentatis 
paginis superioribus nitidis atroviridibus eis inferioribus pal- 
lide veridibus hic haud nitidis pilis brevissimis puberulentis 
cupulis valde vel leviter patelliformibus 14 - 18 mm. latis 5 - 8 
(plerumque 6) mm. profundis glandibus ovoideis vel ellipsoideis 
20 - 30 mm. longis 13 - 19 mm. latis. 

Small tree to 5.5 meters in height. Twigs of the current 
vvear’s growth 1.5 - 3 mm. in diameter, light brown and rather 
sparsely tomentulose with small, light-colored lenticels. Buds 
3-6 mm. long, ovoid to round-ovoid, puberulent and with the 
margins of the scales ciliate, to glabrate, light reddish-brown 
in color. Stipules mostly caducous, to 8 mm. long, oblong to 
linear, sparsely puberulent on dorsal surface, light brown in 
color. Leaves deciduous (tardily?), elliptical to obovate in out- 
line, 4-10 cm. long, 2-6 cm. broad, base cuneate, attenuate, or 
rounded, often unequal, irregularly shallowly lobed or coarsely 
toothed, the apices of teeth or lobes usually mucronate, upper 
surface dark green and shiny, sparsely stellate-puberulent to 
glabrate, lower surface light green and dull, very short-puber- 
ulent; secondary veins mostly 6-8 on a side; petiole 3-10 mm. 
‘ong, puberulent. Staminate catkins not seen. Acorn cups sau- 
cer-shaped to shallow cup-shaped, 14-18 mm. broad, 5-8 (most- 
ly about 6) mm. high, scales narrowly ovate or lanceolate, min- 
utely puberulent, bases of the scales with pronounced but small 
tubercles, the tips sometimes more or less ligulate; acorn ovoid 
to ellipsoid, 20-30 mm. long, and 13-19 mm. broad, brown and 
elabrate. 

Type. Near top of Fish Grade, between Phoenix Lake and 
ake Lagunitas, Marin County, California, August 31, 1947, 
Tucker 1591 (University of California Herbarium no. 938397). 

Other collections examined. Type locality: August 31, 
1947, Tucker 1592, 1593. 

These shrubby trees resembled Q. Garryana in having rath- 
er large leaves with dark green, shiny upper surfaces, and one 
which bore fruit had shallow, saucer-shaped acorn cups close- 
ly resembling those of the latter species. They were obviously 
not conspecific, however; the leaves were, in general, smaller 
than in Q. Garryana, and coarsely toothed, or at most shallowly 
lobed. Moreover, the lobes or teeth had distinctly mucronate 
apices. : 

As in the preceding case, it seemed likely that these in- 
dividuals were hybrids between Q. Garryana and a shrubby, 
evergreen, white oak with small, mucronately toothed leaves. 


ti 


] 
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In this case the few shrubby oaks in the vicinity were noi 
Q. durata, but Q. dumosa, and in several morphological char- 
acters these trees resemble the latter rather than the former: 

1. The leaves are not convex above, but plane. 

2. The stellate hairs of the lower leaf surfaces are quite 
short— definitely shorter than those of either Q. durata or 
Q. Garryana. 

3. The branchlets of the current year’s growth are sparse- 
ly to moderately puberulent with very short hairs. 

4. The buds, in shape and color, are quite similar to those 
of Q. dumosa, but are considerably larger, approaching the size 
of those of Q. Garryana. 

Staminate flower buds were collected March 8, 1953 for 
study of meiosis. The haploid chromosome number was found 
to be twelve. 

The largest of these three individuals—a small, shrubby 
tree about 18-20 feet tall—bore a few mature (or nearly ma- 
ture) acorns, although no abortive ones were observed on the 
tree. An attempt was made to germinate 18 of these, but no 
seedlings were obtained. It may well be that this hybrid is 
highly sterile, as seems to be the case in Quercus & subconvexe. 
As in the latter this would not be surprising, for Q. dumosa 
is scarcely, if at all, any more closely related to Q. Garryana 
than is Q. durata. 


Department of Botany, 
University of California, Davis. 


LITERATURE CITED 


DurrFieLtp, J. W. 1940. Chromosome counts in Quercus. Am. Jour. 
Bot. 27: 787-788. 

Eastwoop, A. 1946. The prostrate oaks of Marin County, Californie. 
Leafl. West. Bot. 4: 241-242. 

Horc, E. 1929. Om mellemformerne mellem Quercus Robur L. oz 
sessiliflora Martyn. Bot. Tidssk. 40: 411-427. 

Howe Lt, J. T. 1949. Marin Flora. 322 pp. Berkeley. 

JARETZKY, R. 1930. Zur Zytologie der Fagales. Planta-Archiv fur 
wissenschaftliche Botanik 10: 120-137. . 

Mutter, C. H. 1951. The significance of vegetative reproduction 1 
Quercus. Madrono 11: 129-137. 

PatMer, E. J. 1948. Hybrid oaks of North America. Jour. Arnold 
Arb. 29: 1-48. 

PyaTNiTzky, S. S. 1946. Experimental production of interspecific hy- 
brids in the genus Quercus. Compt. Rend. (Doklady) Acad. Sci. 
URSS, 52: 343-345. 

Sax, H. J. 1930. Chromosome numbers in Quercus. Jour. Arnold 
Arb. 11: 220-223. 

STEBBINS, G. L., Jr. 1945. The cytological analysis of species hybrids. 
Bot. Rev. 11: 463-486. 

1950. Variation and evolution in plants. 643 pp. 
New York. 


128 MADRONO [Vol. 12 


NOTES AND NEWS 


ASPLENIUM VIRIDE IN CALIFoRNIA. While rock climbing in 
the Sierra Buttes, Sierra County, California, on July 26, 1953, 
{ noticed in the crevices of a vertical cliff below which we 
were traversing a little fern which looked familiar to me from 
my collecting trips in northern New England. On closer in- 
spection it proved to be without doubt the green spleenwort, 
Asplenium viride Huds. The plants were lodged deep in the 
crevices of the rock, so that they could not have been removed 
without the aid of a long knife, and at the beginning of a new 
rock climbing route of unknown difficulty one is not inclined 
to linger over plant collecting. I therefore removed a few 
tronds and placed them in my wallet. Upon returning to 
camp, I was surprised to find that the species is not listed at 
all in Jepson’s manual. The following week, I consulted Dr. 
EK. B. Copeland at the University of California Herbarium, who 
<indly verified the identification for me, and determined that 
no specimens of 4. viride from California exist, and no pub- 
lished records of its occurrence in our state could be found. 

Asplenium viride is a widespread holarctic fern, which on 
the Pacific Coast is frequent on moist, shady cliffs at relative- 
ly high altitudes as far south as Washington. It is listed by 
M. E. Peck in his flora of Oregon, although the absence of 
specimens from that state in the University of California 
Herbarium indicates that it is rare there. In the Rocky Moun- 
tain region, A. viride extends southward to Wyoming and 
northern Utah, and it has been found by Holmgren in the 
Ruby Mountains of northeastern Nevada. The Sierra Buttes 
locality is not only a new record for California, but also marks 
the southernmost outpost of this fern in North America. A 
specimen (Stebbins 5219) has been deposited in the Herbarium 
of the University of California. G. LEDYARD STEBBINS, JR. 


Department of Genetics, University of California, Davis, 
G. LEDYARD STEBBINS, JR. 


A series of excellent biographical sketches of early Cali- 
fornia botanists, authored by Edmund C. Jaeger, is appearing 
in “Calico Print,” a bi-monthly magazine devoted to “tales and 
trails of the desert West” and edited by Harold and Lucile 
Weight at Twenty-nine Palms, California. An account of 
Marcus E. Jones was included in the October-November 1952 
issue and of Katherine Brandegee in the March 1953 number. 


ERRATA 


Page 97, omit line 48, reading (Malvaceae). Rev. Mus. de la Plata ser. 
27:111-152. 


Page 99, line 27: for var. SCAPOSA read var. scaposa. 


Page 100, line 8: should read San Miguel County: Gypsum Valley, 
4 miles east of Gypsum Gap, June 9, 1949, Weber 4742 (RSA, WS). 
UtaH. etc. 


line 12: the Latin diagnosis should follow var. nov. 


Page 102, line 2: for Preece read Preece. 
Table 2, Number 1: for Involcual read Involucral. 


Page 103, line 5 LITERATURE CITED: for F. A. Stafleu read F. A. STAFLEU. 
line 7, LiterATURE CITED: for Studies on the Rocky Mountain 
Flora—VI read Studies on the Rocky Mountain Flora—XVI. 


Page 114, following line 12 insert LITERATURE CITED. 
Omit line 3 of LITERATURE CITED. 


Page 115, line 42: for subsus read subtus. 

Page 118, line 2, Literature Citep: for Gottingen 24-3-346 read 
Gottingen 24:3-346. 
line 3, LITERATURE CITED: for due read du. 
line 8, LiTERATURE CITED: for New Phytologist 46-123-141, rcad 
New Phytologist 46:123-141. 

Page 121, line 3: omit (——-_—_—___ ). 

Page 125, line 46: for ? read. 


Page 127, line 6, LireraturE Citep: for sessiliflora Martyn, rcad Q. 
sessiliflora Martyn. 


Page 128: omit line 34. 
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STUDIES ON THE CALIFORNIAN SPECIES OF STIPA 
(GRAMINEAE)! 


Datvo M. DEpDEccA 


I. THE RATIO OF LEMMA TO PALEA LENGTH AS A TAXONOMIC CHARACTER 


The genus Stipa, according to Hitchcock (1950), has in California 
nineteen species and four varieties—about one-half of the number of 
species reported for the entire United States. In addition to the taxonomic 
treatment given by Hitchcock, the Californian species have been studied 
cytologically by Stebbins and Love (1944), who have made most of the 
available chromosome counts of the species. There does not appear to be, 
incidentally, any evident correlation between chromosome number and 
the grouping of species indicated by other criteria. 

In the course of morphological and anatomical investigations made by 
the author while studying the Californian species of Stipa, it was found 
that the ratio of the length of the lemma to that of the palea (hereafter 
expressed as L:P) was of significance. On the basis of this ratio, the Cali- 
fornian species may be divided into the following three groups: 


GrouP 1 GRouP 2 Group 3 
L:P less than 2.0 L:P 2.0-4.0 L:P more than 4.0 
S. comata S. arida S. cernua 
S. comata intermedia  S. californica S. lepida 
S. coronata S. columbiana S. lepida Andersonii 
S. latiglumis S. columbiana Nelsoni S. pulchra 
S. Lemmoni S. coronata 
S. Lettermani S. coronata depauperata 
S. pinetorum S. diegoensis 
S. speciosa S. Elmert 
S. Stillmani S. latiglumis 
S. Thurberiana S. occidentalis 
S. pulchra 
S. speciosa 


S. Williams 
Table 1 shows the L:P ratio for each of the species and varieties listed 
above, as well as the most frequent value in each case. As indicated in 
figure 1, the division of the species and varieties into the three groups is 
not perfect because of the existence of a few cases of overlapping in values. 
Thus, S. coronata, S. latiglumis, and S. speciosa must be included both in 
groups | and 2. 


1 Grateful acknowledgement is made to the Rockefeller Foundation for the fellowship 
which made possible the author’s program of study at the University of California, 
Berkeley. 


Manprono, Vol. 12, No. 4, pp. 97-128. December 1, 1953. 
Maprono, Vol. 12, No. 5, pp. 129-160. January 29, 1954. 
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TABLE i. RATIO OF LEMMA OVER PALEA IN THE CALIFORNIAN SPECIES OF STIPA. 


Number of Most frequent 

Species specimens studied Mag? values 
SOMITE & NOTES) Sue) Wate 2) eas See ae ence iy 2.0-2.7 2.4 
ScajorniciaNierta, Ws Wave a. 2s eee ee 44 2.0—-3.2 2.4—2.5 
SHECTNUG SteDie SWOViCr es teeth ete an neers 20 4.0-8.0 6.0-6.5 
De collmobrana. INiaACOUM (28.22 ae en oe 33 2.2-3.2 25 
SAGOlUuMmoLana Var. NV els on2 seitCly ti  o 4 2.2-3.0 2.8 
Secomiatarx hr SRM prs nei. eee ee aa ee 28 1.3-1.6 £5 
S.comata var. intermedia scrip. 22.22 9 1.4—-1.6 a5 
Scorondta® burp, amen eaten. Yea 46 1.6—2.2 1.8 
S. coronata var. depauperata Hitch. .2--.0:....4. 22 1.6—2.5 2°3 
Se CLE COCTISTS BO WialleNge 220: ee ese er ite 8 2.0-2.2 2.0 
SeeEliLert (Piper Wc, DROGIC: aes.) eee mec ee ees 28 2.0-3.5 310 
Salagieliumis Swallen’ 262s Jers Sees 9 1.7—2.0 1.8 
Se Lemmon (NASEY.) SCE Der. se cece eee eee 44 1.2-1.6 1.4 
Swlepiad: seltbelan, hs Bok Ae ah, Se Steg ae Ai are Aah 4.1-6.0 on0 
SC PIAG VAL. ACY SOMG V ASCY eee eee We 4.0-5.5 4.2 
SPC ULer NLOTILWSCY. te ee odes ee aie 32 1.2-1.7 1.4-1.6 
OCCA CIUGITSS IUD cee) pees oo See ees Di 2.0-3.5 2:3 
DP LIVEL OPTI A. ONES). oace eto cee eee We eee etc aet | 1.1-1.7 1.4 
SUL CIUy CACC ots Pia acts ct ke tae ee one 60 4.0-5.7 4.5 
De VeGtOsd: Dre Oe RANI esac ee 57 1.5-3 .3 25 
SE OLULNUGII DB OLANG =. Se.) ect ote ae 6 1.0-1.1 1.1 
Seu Chai. PVDEN eee Mire eee eee 33 1.1-1.7 15 
SEV AU 2OMISTE SCM, ooh ween Lae ae ee 6 2.5-3.0 3.0 


Much more reliable, however, is the arrangement of the species into two 
groups, the former comprising those in which the L:P ratio is less than 
4.0, and the latter consisting of those in which the L:P ratio is 4.0, or more 
than 4.0. Furthermore, this division corresponds perfectly with a division 
of the species into two classes based upon the type of inflorescence. As 
indicated by the following key, the combination of these two characters, 
supplemented by other characters which have been more commonly used 
to delineate species, makes possible a new arrangement of the Californian 
species of Stzpa. 


A. Panicle narrow, contracted or slender, sometimes more expanded; L:P ratio less 
than 4.0. 
B. Lemma densely appressed-villous, with white hairs 3-4 mm. long rising above 
the summit in a pappus-like crown. 
C) Lemma’ ca;8 mm. long jsawne4—5 em. lone: S. coronata 
CC. Lemma up to'6mm: long awiica.2.cmelong sess bee eee S. pinetorum 
BB. Lemma sparsely appressed-pubescent to glabrate, never villous with long hairs. 
D. Awns pubescent, most commonly plumose. 
E. First segment of the once-geniculate awn strongly plumose, the ascending 
hairs,.5—8 maim Wome gS ee Nes cane re et et nce ee S. speciosa 
EE. First segment of the awn conspicuously pubescent, generally plumose but 
the hairs 2 mm. long or less. 
F. Lemma bilobed at summit, the lobes extending into two lateral awns 2-3 
mm. long on each side of the central awn......................-.----- S. Stillmaniu 
FF. Lemma entire or only obscurely lobed at summit. 
Gi Ligule hyaline, 3-6 mm along. ee) S. Thurberiana 
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GG. Ligule opaque, minute, less than 3 mm. long. 
ieee lear OeTINre ONO IA ae ee Dee ree ee eee ee S. latiglumis 
HH. Palea up to 3 mm. long. 
I. Sheaths glabrous. 
J. Hairs on upper part of lemma longer than those below; hairs of 
a Wider athens. SHOLL 2.7 2h f0y, Biro oe eee, ata! S. californica 
JJ. Hairs of lemma uniformly short; hairs of awn rather long...... 
cs IRE te Ais AR Re ieee as data Se SOR, Se Soe Ober S. occidentalis 
hE oheathspubescent. 21.027 ecole es gl, eee aie S. Elmeri 
DD. Awns scabrous to nearly glabrous, rarely appressed-hispid, not plumose. 
K. Mature lemma pale or becoming brownish, mostly more than 1 cm. long...... 
ie erent NER 2 ese NOt AAR ISL 8 Soret e | eet Tate ie Ne, OR S. comata 
KK. Mature lemma yellowish, not more than 8 mm. long. 
i cemma broad: nrst glume s-nerved:...... 22.22... ea. & S. Lemmoni 
LL. Lemma narrow; first glume 3-nerved. 
M. Palea much smaller than lemma, L:P 2.0-4.0; lemma short-hirsute 
throughout. 
N. Culms densely pubescent below the nodes; palea 3-4 mm. long.......... 
fhe pe a A A See Sh costes na? S. diegoensis 
NN. Culms glabrous below the nodes; palea 2.5 mm. long or less. 

O. Awn 4-6 cm. long, obscurely geniculate, the terminal segment 
flexuous; lemma short-hirsute except near the glabrous apex...... 
ee oat te hepa a ee ean 7 ew ee ee Nee ce Oe Mh S. arida 

OO. Awn usually less than 5 cm. long; if 4 cm. long, twice-geniculate, 
the terminal segment essentially straight. 


P. Sheaths, at least the lowermost, pubescent .................. S. Williamsii 
|B Peel oH ereTt CIS 2d 2 0 0 0 (Cae ene eel OR EON eens La a Os S. columbiana 
MM. Palea nearly equaling lemma, L:P less than 2.0; hairs at summit of 
lemma Jonger than those of the body .....-<.22.222.......2. S. Lettermani 
AA. Panicle broad, open, loose, the branches spreading, L:P 4.0 or more than 4.0. 
©7Memm~a less: than 7mm. long; awn up to 4 cm: long <...../-..)-. 201... S. lepida 


QQ. Lemma more than 7 mm. long; awn much more than 4 cm. long. 
R. Lemma slender, cylindrical; middle culm leaves 1.2—2.4 mm. broad; foliage 
usually glaucous; awn slender, flexuous beyond the second bend, mostly 
0-12 times the length of the lemma: .s..-....0:.2.2..ccc. tet S. cernua 
RR. Lemma fusiform; middle culm leaves 2.4-6 mm. broad; foliage usually 
green; awn stout and stiff, mostly 7-9 times as long as the lemma....S. pulchra 


I. THE OCCURRENCE OF STIPA LETTERMANI VASEY IN CALIFORNIA 


Stipa Lettermani Vasey, a perennial grass 20-30 cm. tall producing 
culms in large tufts, has often been reported for California where it is 
stated to grow on open ground or in open woods at high altitudes. Its 
occurrence in the state is indicated by Hitchcock (1950), and the numer- 
ous Californian collections identified as this species by various authorities 
suggest that it is widespread in the state. Stzpa californica Merr. & Davy, 
another perennial grass which has been differentiated from S. Lettermani 
primarily on the basis of differences in the pubescence of the awns, has 
been generally accepted to be widespread at lower altitudes than S. Let- 
termant. 

On the basis of the L:P ratio already discussed as well as other morpho- 
logical and anatomical data gathered by the author during the course of 
his study of the Californian species of Stipa, it has been possible to clarify 
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Fic. 1. The ratio of lemma to palea length in the Californian species of Stipa. 


our concept of these two species. Although a comparison of the morpho- 
logical characters of S. Lettermani and S. californica suggests a general 
similarity on such characters as panicle type, texture of the glumes, pubes- 
cence of the lemma, and the length of the callus, a number of diagnostic 
characters (table 2) are present. Of these, the highly specific and extreme- 
ly different L:P ratio is outstanding. 

In habit, S. Lettermani appears to be relatively similar throughout its 
range being of medium height. Stipa californica is much more variable; 
in altitudes from 4,000 to 6,000 feet it grows in open pine woods and is a 
robust plant with long leaves and culms 80-100 cm. high, and at higher 
altitudes there is a gradual transition to dwarfed and subalpine types 
growing in open places. These have much shorter leaves and culms which 
may not exceed 30—40 cm. It is this dwarf type which is confused with S. 
Lettermant. 
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Stipa Lettermant, S. californica, and S. Elmeri (the last differing sharply 
in other characters and hence not confusable with the other two) are the 
only species of the genus in western North America characterized by 
possessing two kinds of hairs on the lemma, a feature which has been em- 
ployed to distinguish the two former species from such close relatives as 
S. occidentalis and S. columbiana. Thus, in S. Letterman and in S. cali- 
fornica, the body of the lemma (including the callus) is covered with 
sparse, stiff, white hairs, which increase in length toward the apex and 
culminate in a conspicuous terminal brush of longer hairs. The two species 
differ in lemma pubescence, however, for in S. californica either the hairs 
on the body of the lemma or the apical ones are longer and thicker than 
those of S. Lettermani (table 2). 


TABLE 2. COMPARISON OF PRINCIPAL DIAGNOSTIC CHARACTERISTICS OF STIPA 
LETTERMANI AND STIPA CALIFORNICA. 


Structure Stipa Lettermanti Stipa californica 
Leaves Green, slender, involute, 20— Green or somewhat glaucous, 
30 cm. long, 2.0-2.2 mm. _ blades flat, with tendency to be- 
broad, throughout culms come involute, 10-15 cm. long, 
1.5-4.0 mm. broad 
Size of glumes Glumes equal, 7.0-9.0 mm. Glumes slightly unequal, upper 
long 8-13 mm. long, lower 7.5—12.0 
mm. long, sometimes equal 
Length of lemma  4.5-6.0 mm. 5.0—-7.5 mm. 
Width of lemma 1.6-2.0 mm. 1.9-2.2 mm. 
(unrolled) 
Hairs at apex of 1.3-1.7 mm. long, 10-194 1.5—2.2 mm. long, 20—30u thick 
lemma thick 
Hairs on body of _ 0.8-1.3 mm. long, 8-l6u 0.4-0.6 mm. long, 10-18 thick 
lemma thick 
Lobes of lemma 0.8-1.0 mm. long 0.5-0.7 mm. long 
Length of palea 3.5-4.5 mm. 2.0-3.0 mm. 
L:P ratio 1.2-1.7 2.0-3.2 
Pubescence Scabrous below first bend, First and second segments con- 
of awn glabrous on other two seg- spicuously or weakly pubescent, 
ments third segment scabrous 


The pubescence of the awns may be considered the most reliable of the 
traditional criteria for distinguishing the two species. In S. Lettermani 
the first two segments of the awns are glabrous, and the third segment 
scabrous; in S. californica the first two segments are described as conspicu- 
ously plumose, the third scabrous. The chief confusion has occurred in the 
reference to S. Lettermani of plants which show a manifest pubescence 
on the first two segments, but in which the awn is not conspicuously 
plumose. In all instances, these plants actually belong to S. californica, 
the two first awn-segments of S. Lettermani being truly glabrous or es- 
sentially so. 
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A more reliable and easily employed criterion for separating the two 
species is provided by the absolute and comparative length of the palea. 
Measurements of some thirty-five collections of S. californica from 
throughout its range have shown the palea to vary in length from 2.0—3.0 
(—3.2) mm., that is, the palea is rather short in comparison with the 
lemma. In S. Lettermanz, on the other hand, the usual length of the palea 
is (3.0—) 3.5-—4.5 (—5.0) mm., or nearly as long as the lemma. Thus, the 
L:P ratio (2.0-3.2 in S. californica, 1.2-1.7 in S. Lettermani) proves to 
be an excellent character for differentiating these two species, and has 
valuable applications elsewhere in the genus. 

The following key summarizes the characters discussed above which 
serve to differentiate these two species of Stzpa. 


Leaves filiform, strongly involute; apical hairs of lemma 1.3-1.7 mm. long, 10-19 
thick; awns glabrous or essentially so; L:P ratio 1.2—1.7.................... S, Lettermani 
Leaves broader, nearly plane, often becoming involute in dried specimens; apical hairs 
of lemma 1.5—2.2 mm. long, 20-30u thick; awns conspicuously pubescent (plu- 
MOSe) seo .PsLTAtO™ 21023 Die ten eee ae NO: Nee) Sal Wee dn S. californica 


A re-examination of a series of specimens from the Intermountain 
Herbarium of the Utah State Agricultural College, Pomona College, the 
United States National Herbarium, and the University of California 
Herbarium indicates that only a single collection of St¢pa in California 
is properly referable to St7pa Lettermani. This was collected in Bear 
Valley, San Bernardino County (H.S. Yates 6617, UC). All other reports 
of the species in the state, including collections from Alpine, Butte, Hum- 
boldt, Mariposa, Modoc, Mono, Shasta, Tulare, and Tuolumne counties, 
are based upon misidentifications. 

Stebbins and Love (1944), in their cytological study of Californian 
forage grasses, have mentioned a chromosome count of S. Lettermani, 
based upon a collection made in Little Last Chance Valley, Plumas County 
(Stebbins 2920). On the basis of the present evidence, this collection is 
not S. Lettermani, and still more interesting, because of its chromosome 
number, which is 2n=—68, it is not referable to S. californica either. Since 
the chromosome number of S. Lettermani is 2n=32 (Stebbins, unpubl.), 
the collection from Plumas County apparently represents an undescribed 
polyploid related to S. californica, S. Lettermani, and S. occidentalis. 


Ill. EPIDERMAL CHARACTERS IN THE CALIFORNIAN SPECIES OF STIPA 


The epidermal cells of the Gramineae were first given serious study by 
Grob (1896-1897), who called attention to the significance which their 
characteristics might offer for taxonomic purposes. It was Prat (1932), 
however, who thoroughly investigated the epidermis and emphasized its 
features for the characterization of genera and larger groups. Thus, on 
the basis of epidermal characters, the Gramineae were divided into two 
main categories, the panicoid and the festucoid. The fact that these two 
major categories could be progressively subdivided into smaller and 


1954] DEDECCA, STIPA v3.9 


smaller groups by employing the same kind of criteria, has led some au- 
thors to consider the nature of the leaf epidermis as important in deter- 
mining phylogenetic relationships. The Russian cytologist Avdulov (1931), 
basing his work upon karyological data, developed a new scheme of ar- 
rangement for the tribes of grasses, and supplemented his system with the 
evidence derived from epidermal cells as previously reported by Grob. 
More recently, Covas (1949) has successfully utilized the epidermis in 
his study of Hordeum, and so did de Wet (1952) in his investigation on 
Danthonia and related genera. As proved to be the case with the L: P ratio, 
epidermal features have shown their usefulness taxonomically when ap- 
_ plied to the Californian species of Stipa. 


MATERIAL AND METHuHOpD. Only herbarium material was used in study- 
ing the epidermal cells of the Californian species of Stzpa. Two slides were 
prepared for each species and variety, utilizing whenever possible collec- 
tions as remote from each other geographically as feasible. All observa- 
tions were made on the abaxial (lower) epidermis obtained from leaves 
produced at the second internode. The leaves were softened by being 
placed in boiling water for about ten minutes, and were then transferred 
to the stage of a dissecting microscope and placed with the axial (upper) 
epidermis uppermost. The upper epidermis and mesophyll tissues were 
then gently scraped away with a sharp scalpel, leaving only the lower epi- 
dermis. The lower epidermis was cut into small pieces, mounted with the 
lower surface uppermost on a slide in lactophenol, and covered with a 
cover glass. 


TYPES OF EPIDERMAL CELLS. Stipa is, according to Avdulov (1931) and 
Prat (1932), to be included in the Phragmitiformis group of grasses, 
which is a mixed assemblage of various affinities. The epidermis, in mem- 
bers of this group, however, is festucoid, being characterized by the pos- 
session of simple, rounded or elongate, siliceous cells; the minute hairs, 
if present, are never two-celled. The epidermal cells with important differ- 
ential characters in Stzpa may be classified as below. 


a. Long cells. These are several times as long as broad, are the most 
numerous element, and comprise the bulk of the epidermis. They show 
characters of taxonomic value in the variation both in thickness and in 
degree of undulation of the cell walls, permitting the distinction of three 
categories of each of these characters. 

The walls may be of great thickness as in S. comata (fig. 2), of mod- 
erate thickness as in S. Lettermani (fig. 3), or of slight thickness as in S. 
californica (fig. 4). As to degree of undulation, the walls may be grossly 
undulate as in S. comata (fig. 2), moderately undulate as in S. californica 
(fig. 4), or only slightly undulate as in S. diegoensis (fig. 5). 


b. Barb or point cells. These cells are characterized by terminating in 
a hair-like upward prolongation (readily visible under the high power ob- 
jective). They occur either over or between the veins, although both dis- 
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tributions may occur in the same epidermis, as in S. californica (fig. 4). 
In addition, the intervenous point cells may have either a sharp or a blunt 
prolongation. 


c. Siliceous cells. These characteristic cells, distinguished by their high 
silica content, are divisible into three more or less distinct groups: 

Type 1, couple cells. These are composed of two unequal cells, a siliceous 
cell combined with a suberous one, the smaller showing refringent points 
which indicate regions in which no silica was deposited (Prat 1932). The 
couple cells may occur between the veins only, asin S. californica (fig. 4), 
or both between and over the veins, as in S. comata (fig. 2). 

Type 2, dumbbell or cross-shaped cells. These cells, which Prat (1932) 
considers as panicoid, are arranged with their long axes parallel to the 
leaf axis, over the veins. They occur in all species studied except S. Stall- 
mani. 

Type 3. These cells are more elongate than the last, have three or more 
constrictions, and occur only over the veins. They have been found in 
seven of the nineteen species studied. Stipa Lettermani exhibits this type 
of cell (fig. 3). 


d. Isolated suberized celis. These cells are distinguishable by their 
square shape and darker color, staining red with Sudan IV. They have 
been found in thirteen of the nineteen species investigated. Stipa diegoen- 
sis exhibits this type of cell (fig. 5). 

e. Stomata. Although it is recognized that the stomata may vary in size 
and shape, only their presence or absence in the abaxial epidermis and 
their arrangement were taken into consideration in the present study. For 
the sake of simplicity, the species studied were divided into three groups 
on stomatal features, as follows: stomata absent, as in S. Lettermani (fig. 
3); one stomatal row present in some intervenous areas, as in S. lepida; 
two or more stomatal rows present in some or all intervenous areas, as in 
S. californica (fig. 4). 

Table 3 presents a general picture of the various types of epidermal 
cells found in the Californian species and varieties of Stzpa. As may be 
seen, these structures readily permit the differentiation of the individual 
taxa from each other in most instances. Because of the difficulty of ob- 
serving such anatomical or cytological features, their inclusion in a key 
for identification appears to be scarcely practicable, although they are 
useful for more detailed analysis. The following example of S. Lettermani 


EXPLANATION OF FIGURES 2-5. 

Fics. 2-5. Types of epidermal cells. Fic. 2. Stipa comata, showing great thickness 
and gross undulation of the long cell walls; couple cells both between and over the 
veins, X 950 (Kennedy 81). Fic. 3. Stipa Lettermani, showing moderate thickness of 
the long cell walls; siliceous cells Type 2 and Type 3 in black, 950 (Yates 6617). 
Fic. 4. Stipa californica, showing slight thickness and moderate undulation of the long 
walls, point cells both between and over the veins, siliceous cells Type 2 in black, 
and two rows of stomatal cells, X 950 (Stebbins 2942). Fig. 5. Stipa diegoensis, show- 
ing slight undulation of the long cell walls, and suberized cells, X 950 (Gander 5778). 
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TABLE 3. OCCURRENCE AND ARRANGEMENT OF EPIDERMAL CELLS IN CALIFORNIA 
SPECIES OF STIPA. 


and S. californica shows clearly, however, how entities commonly con- 
fused on the basis of grosser morphological characters may be readily 
separated on features of the epidermis. Thus, S. californica has the long 
cells thin-walled, the intervenous point cells with a sharp prolongation, 
intervenous siliceous cells of Type 1 (couple cells), and two stomatal rows 
in some intervenous areas. Stipa Lettermani, on the other hand, has long 
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cells with walls of intermediate thickness, and completely lacks interven- 
ous point cells and stomata on the abaxial epidermis. 

The study of the data shown in Table 3 offers a number of other inter- 
esting points. Thus, each species has a distinctive combination of epi- 
dermal characters. The closest resemblance was shown by S. californica 
and S. Elmeri, which are known to be closely similar in their gross mor- 
phology and habit. On the basis of epidermal cells, these two species 
differ only in the distribution and arrangement of the stomata. This fact, 
however, cannot be generalized, for S. occidentalis and S. Elmert, which 
are also very similar morphologically, have very different combinations of 
epidermal characters. 

On the other hand, S. /epida and S. Thurberiana are quite different as 
to gross morphology and habit, but in respect to epidermal characters are 
very similar, being distinguished only by the arrangement of the stomata. 

In summary it can be said that although the epidermal characters have 
some taxonomic significance the evidence they present for relationship 
among species may very often be at variance with evidence provided by 
gross morphology in respect to affinities in the same group of species. 
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A NEW SPECIES OF QUERCUS IN ARIZONA 


CorNELIUS H. MULLER 


In 1948 there came to my attention a specimen collected in the Ajo 
Mountains of Pima County, Arizona, which was identified with consider- 
able misgiving as Quercus turbinella Greene. Recently two series of col- 
lections from the same locality were referred to me by Dr. John M. Tucker 
of the University of California (Davis), who had requested Dr. K. F. 
Parker of the University of Arizona to obtain the specimens for him. 
Dr. Tucker furthermore furnished me with notes derived from specimens 
at the Pomona College Herbarium indicating a similar oak in the Castle 
Dome Mountains and the Kofa (S.H.) Mountains of Yuma County, 
Arizona. 

A close examination of the Ajo Mountain material suggested kinship 
with the series Glaucotdeae Trel. of Mexico (to which QO. hinckleyi Mull. 
of Texas had been referred). Its distinctness from Q. turbinella was ap- 
parent. Two joint field studies with Dr. Tucker in the Ajo Mountains and 
subsequent visits to the Castle Dome and Kofa Mountains confirmed in 
my mind the differences between Q. turbinella and the population of the 
Ajo Mountains. However, certain features of the Ajo population (notably 
the prominent spinose teeth of the leaf margins) are so strikingly at vari- 
ance with the series Glaucoideae that the description of a new series is 
required. 

Quercus ser. Relictae ser. nov. Frutices vel arbores, ramuli gracili 
glabri vel tomentosi pruinosi, gemmae rotundae minutae, folia semper- 
virentia coriacea glauca glabra vel sparse pubescentia aristato-dentata, 
petioli brevi, fructus annuus parvus pedunculatus, cupula squamis levis 
crassis, glans oblonga vel ovoidea ad basim solum cincta. 

Rhizomatous shrubs or low trees with slender glabrous or pubescent 
pruinose twigs and minute buds and apically persistent stipules; leaves 
small or minute, glabrous or nearly so and strikingly glaucous, microscopi- 
cally papillose beneath, prominently toothed and attenuately spinose; 
fruit small, the shallow cups with small scales, the oblong to ovoid acorns 
glabrous or apically pubescent and included at the base only. 

Desert mountains of the southwestern United States and possibly adja- 
cent Mexico. Includes Q. ajoensis sp. nov. (the type) and Q. hinckleyi 
Mull. (Contr. Texas Research Found. 1: 40, pl. 11. 1951). The Relictae 
are closely related to the Glaucoideae, and especially to QO. perpallida Trel. 
of that series in which also the lower leaf epidermis is papillose but in 
which the teeth are not spinose. 


Quercus ajoensis sp. nov. Arbor mediocris vel frutex, ramuli 1-2 mm. 
crassi sparse brevi-stellato-pubescentes glabrati pruinosi, gemmae 1-1.5 
mm. longae ovoidae vel rotundae, folia sempervirentia coriacea ovata vel 
lanceolata 1.5—3.5 cm. longa 1—2 cm. lata apice acuta basi cordata vel 
rotundata utrinque 5- vel 6-attentuato-spinoso-dentata glauca et glabra 
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vel rare subtus sparse fulvo-puberulenta et ad basim costis utrinque stel- 
lato-pubescentia, lamina subtus minuto-papillosa, petioli 3-4 mm. longi 
sparse stellato-pubescentes, fructus annuus brevi- vel longi-pedunculatus, 
cupula 6-8 vel 10 mm. lata 3—4 mm. alta squamis appressis, glans 1.25— 
1.5 cm. longa 0.5—0.7 cm. lata oblonga vel angusto-ovoidea glabra apicem 
exceptis ad basim solum cincta. 


Small trees or shrubs (along intermittent waterways and on high north» 
facing slopes), reaching 10 m. in height with trunk diameters to 6 dm. 
(usually smaller); trunks branched at or near the ground level; branches 
ascending or broadly spreading, the bark thin, scaly (almost flaking) or 
furrowed, light gray. Twigs ca. 1 (rarely 2) mm. in diameter, light brown 
and usually inconspicuously short-stellate-pubescent, rarely conspicu- 
ously gray-tomentulose, glabrate or the pubescence variously persistent, 
gray in age or mottled with russet. Buds very inconspicuous, | to 1.5 mm. 
long, ovoid or irregularly rounded, brown or russet, glabrous or the outer 
scales lanate with short simple hairs; the stipules caducous, but persistent 
about the terminal bud, ca. 3 mm. long, ligulate, pubescent. Leaves ever- 
green, persisting 1 or 2 seasons, rather coriaceous, ovate to narrowly ovate 
or rarely lanceolate, 1 or usually 1.5 to 3.5 or rarely 5 cm. long, 0.5 or 
usually 1 to 2 or sometimes 3 cm. broad, apices acute or rarely obtuse 
(except the setaceous apical tooth), bases cordate or rarely rounded, each 
side with 5 or 6 (sometimes more or fewer) strikingly long-attenuate 
spinose-aristate teeth, upper surface glaucous green, glabrous or sparingly 
stellate-pubescent along the midrib, lower surface waxy glaucous, the 
epidermis microscopically papillose, glabrous or sparsely stellate-pubes- 
cent along the midrib or sometimes minutely and sparsely golden-puberu- 
lent on the lamina, margins crisped between the teeth or sometimes flat, 
prominently cartilaginous; veins 5 to 8 on each side, as many as the teeth 
and terminating in them or with prominently branching intermediates, 
raised on both surfaces but more prominently so beneath; petioles 2 to 
usually 3 or 4 mm. long, slender, reddish (especially beneath at the base) 
or merely greenish-white or yellowish throughout, stellate-pubescent like 
the twigs or more sparsely so. Staminate catkins 2 to usually 4 cm. long, 
rather loosely flowered on a tomentulose peduncle, the 4 to 6 anthers 
exserted from the sparsely pubescent and ciliate perianth. Pistillate cat- 
kins 1.5 to 2.5 or even 5 to 7 cm. long, 2 to 4 flowers variously scattered 
or terminally grouped on a sparingly stellate-pubescent or nearly gla- 
brous slender peduncle. Fruit annual, solitary or paired on peduncles 3 to 
5 or more cm. long (or as short as 0.5 cm.); cups thin, 6 to 8 or rarely 
10 mm. broad, 3 to 4 mm. high, shallowly cup-shaped, the scales with 
appressed glabrous brown subligulate apices, the bases moderately thick- 
ened and tan-pubescent or rarely densely gray-tomentose; acorns 1.25 to 
1.5 cm. long, 0.5 to 0.7 (rarely 0.9) cm. broad, oblong to narrowly ovoid, 
apically somewhat narrowed or pointed, glabrous except for the dense 
apical tomentulum about the persistent styles, included at the base only. 
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ARIZONA. Pima County, Organ Pipe Cactus National Monument, Ajo 
Mountains: waterway of Arch Canyon, just opposite and north of Santa 
Rosa Mountain, elevation 3,200 feet, April 27, 1953, Muller and Tucker 
9547, 95485; just opposite and south of The Spire, elevation 2500 feet, 
April 27, 1953, Muller and Tucker 9549, 9550; along wash at elbow of 
south fork of Alamo Canyon, elevation 2800 feet, April 27, 1953, Muller 
and Tucker 9535-9539; north-facing canyon wall above east fork of 
south fork of Alamo Canyon, elevation 3200 feet, April 27, 1953, Muller 
and Tucker 9540-9543; north-facing canyon near head of south fork of 
Alamo Canyon, elevation 3500 feet, April 27, 1953, Muller and Tucker 
9544, 9545; open, grassy north-facing slope in Alamo Canyon just below 
summit of ridge adjoining Arch Canyon, elevation 4000 feet, April 27, 
1953, Muller and Tucker 9546; main (south) fork of Alamo Canyon 
(between 2375 and 2675 feet elevation) in sparse streamside woodland 
of Forestiera, Simmondsia, Juniperus, Celtis, Vauquelinia, Acacia, and 
Prosopis in the otherwise openly shrubby mountains, August 15, 1952, 
Muller and Tucker 9518, 9519 (type, in the Muller Herbarium at Santa 
Barbara and widely distributed), 9520-9525; April 17, 1952, Parker 
7998, 8002, 8003, 8010, 8011; October 7, 1951, Parker and Lowe 7726- 
7729, 7732, 7733; May 21, 1947, Phillips s.n. 

In addition to the specimens cited above, a series comprising a mass 
collection was taken from lower Alamo Canyon August 15, 1952 (Tucker 
and Muller 2436-1 to 2436-36). 

Quercus ajoensis is abundantly distinct from QO. hinckleyi whose low 
rhizomatous shrub habit and smaller leaves with fewer teeth clearly set 
it off. Presumably, both species have suffered geologically recent restric- 
tion of range incident to the general dessication of the region since the 
last pluvial period (whence the serial name, Relictae). A very real prac- 
tical difficulty exists, however, in drawing a distinction between Q. ajo- 
ensis and Q. turbinella. This involves no legitimate question concerning 
the specific distinctness of the two, but rather arises from (1) the occur- 
rence of intermediates (presumably of hybrid origin) in the mountains of 
Yuma County, lying more or less between the ranges of Q. ajoensis and 
QO. turbinella, and from (2) the unmistakable presence of Q. turbinella 
characters in a few individuals at low elevations in the Alamo Canyon 
population itself. The following specimens were examined from Yuma 
County, Arizona. Castle Dome Mountains: about 36 miles south of Quart- 
zite, south fork of canyon above Horse Tanks, about 1800 feet elevation, 
August 16, 1952, Muller 9526-9531. Kofa (S.H.) Mountains: about 28 
miles south of Quartzite, Palm Canyon, about 2500 feet elevation, Aug- 
ust 16, 1952, Muller 9532-9534; September 5, 1952, Tucker 2616-1 to 
2616-11; at the head of Palm Canyon, April 29, 1953, Tucker and Mul- 
ler 2641-1 to 2641-10; middle Palm Canyon, April 29, 1953, Tucker 
and Muller 2642-1 to 2642-5. 

In the canyon above Horse Tanks in the Castle Dome Mountains, and 
8 miles north in Palm Canyon in the Kofa Mountains, there grow small 
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Fic. 1 (top). Quercus ajoensis Mull., Muller and Tucker 9519, the type collection 
from the Ajo Mountains, Arizona. Fic. 2 (bottom). Quercus turbinella Greene, 
Clokey 7888, from the Charleston Mountains, Nevada. 
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populations (about 15 to 100 trees) of relatively uniform intermediacy 
between Q. ajoensis and Q. turbinella. In these the long spinose-aristate 
teeth and waxy glaucous leaf surfaces of Q. ajoensis are usually but vari- 
ously combined with the stellate pubescence of the leaf surfaces, the yel- 
low glandular puberulence of the lower surface, increased gray stellate 
tomentum of twigs and petioles, and the broader and more tomentose 
cups with broader acorns which are characteristic of QO. turbinella. From 
a cursory observation of general habit and gross appearance of the leaves, 
one would be inclined to refer these individuals to Q. ajoensis. However, 
upon careful examination, one is forced to the conclusion that QO. turbinella 
characters predominate in both of these small populations. In fact, some 
specimens (notably Muller 9529 in the Castle Dome area and Tucker and 
Muller 2641-3 in the Kofa Mountains) are almost typical QO. turbinella. 

Dr. A. R. Phillips reported (verbal communication to Dr. Tucker) the 
presence of typical Q. turbinella on the ridge tops at the head of Alamo 
Canyon in the Ajo Mountains at about 4000 feet elevation. Phillips and 
Pulich (Condor 50:271. 1948) refer to this as “true scrub oak.’ How- 
ever, no specimens of this population were taken prior to Muller and 
Tucker 9544 and 9546 which proved to be shrub forms of pure Q. ajoensis. 
Seedlings (Muller and Tucker 9543) occur abundantly beneath parent 
trees on the high north-facing canyon walls in the Ajo Mountains. They 
reveal an extraordinary uniformity with the mature forms and no sig- 
nificant juvenile characters. The occasional presence in the lower Alamo 
Canyon population in the Ajo Mountains of golden puberulence on the 
lower leaf surface, of broad and densely tomentose cups, and of increased 
twig tomentum suggests a very dilute hybridity with Q. turbinella. In 
fact, the type of O. ajoensis (Muller and Tucker 9519) exhibits some of 
these characters minutely. This, however, is definitely not of the order of 
intermediacy exhibited by the Yuma County population where Q. ajoensis 
as such does not occur. The biological situation revealed by these several 
populations will be elaborated in a separate, non-taxonomic paper. 

Although taxonomists have for many decades regarded the occurrence 
of numerous intermediates in a given situation as disproof of the existence 
of more than one species, I submit that in this case the presence of inter- 
mediates may be interpreted as strengthening the evidence that two 
species are indeed involved. Were Q. ajoensis not abundantly different 
from Q. turbinella, its introgression of the Yuma County populations 
could not have made them so obviously different from typical QO. turbinella 
of farther north. Although Q. ajoensis is now nearing extinction, the only 
known population being that in the Ajo Mountains, its striking characters 
and the marked effect of these upon the adjacent populations of Q. tur- 
binella are ample proof of its evolutionary status. 

The recognition as species in the genus Quercus of morphologically 
well differentiated taxa, so long as some parts of their populations remain 
pure, is as justified in my opinion as is the recognition as species of forms 
nearing extinction through influences other than hybridization. I am 
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aware, of course, that some workers still insist that hybridization (actual 
or potential) with the production of fertile offspring is itself disproof of 
specific distinctness. This criterion, if rigidly applied to American Quer- 
cus, would probably reduce that multitudinous and extremely diverse 
assemblage to the ridiculous extreme of three “‘species’’, one for each of 
the subgenera. 

University of California, 


Santa Barbara College, and 
Santa Barbara Botanic Garden. 


THE ALLOPOLYPLOID STIPA LATIGLUMIS! 
RIcHARD W. POHL 


Stipa latiglumis Swallen is a rare endemic Californian species described 
originally by Swallen (1933) from Yosemite Valley. It is a tufted per- 
ennial, resembling in its gross morphology such common species as S. calt- 
fornica Merr. & Davy and S. elmeri Piper & Brodie. Like these two species, 
it has pubescent lemmas which have the hairs markedly longer at the 
summit, and awns which bear spreading or ascending hairs on the basal 
twisted segment. From the former species, it differs in having puberulent 
sheaths, and from both species by its rather wide glumes, as indicated by 
the specific epithet. 

Stipa latiglumis has been collected in Yosemite Valley a number of 
times and is apparently not rare there. It is also known from the Sierra 
Nevada of Fresno County and from Mount San Jacinto in Riverside 
County. A list of all known collection localities is given at the end of this 
paper. In Yosemite Valley, S. latiglumis grows in scattered clumps on 
sandy or rocky soil at the foot of talus slopes at about 4,000 feet elevation, 
in mixed stands of oaks and coniferous trees. Stipa elmeri grows with it, 
but tends to occupy the sandy alluvial soils of the valley floor. Stipa lem- 
monii occurs on the talus above the valley floor. Thus S. latiglumis occu- 
pies a habitat somewhat ‘ntermediate between those of the other two 
species. 

In the amount and length of foliar pubescence, width of leaf blades, 
number of ribs on the adaxial leaf surface, and shape of the floret, S. /atd- 
glumis is intermediate between S. elmeri and S. lemmoni. In other traits, 
S. latiglumis resembles either of the latter two species, as is shown in 
Table 1 and Figure 4. The only exceptions are in the length of ligule and 
length of lemma, in which S. latiglumis exceeds both of its parents. The 
high degree of morphological intermediacy and the intermediate habitat 
suggested that S. latiglumis might be of hybrid derivation from these two 
species. 


1 Journal paper No. J-2360 of the Iowa Agricultural Experiment Station, Ames, 
Iowa. Project No. 1136. 
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TABLE 1. MORPHOLOGICAL CHARACTERISTICS OF STIPA ELMERI, S. LATIGLUMIS, 
AND S. LEMMONII 


CHARACTERISTICS SPECIES 
S "0 S 
Length of hairs on lowermost sheath Ofie 0.2 0.0 

(mm.) 0.5-0.9 0.2-0.3 
Length of ligule of lowermost culm 0.3 hal i 

leaf (mm.) 0.0-0.5 0.5-1.8 0.7-1.6 
Length of ligule of uppermost culm 0.6 251 15 

leaf (mm.) 0.3-1.0 1.3-2.8 1.3-2.5 
Pubescence of leaf blades hirsute puberulent puberulent 

adaxial surface/abaxial surface hirsute glabrous glabrous 
Width of lowermost culm blade (mm.) 

(From living specimens) 3.6-6.5 3.4-3.9 185 
Cross-sectional shape of blade flat flat involute 
Number of ribs on adaxial leaf surface 

(From living specimens) 13-16 9-11 5-7 
Number of nerves on first glume 3 x) S) 
Folded width of first glume (mm.) 1.0 156 1.6 

0.7-1.1 1.3-1.9 1.2-1.8 
Length of lemma (mm.) hes 8.2 6.1 

6.5—8.0 7.5—9.0 5.5-8.0 
Width of lemma (mm.) 0.8 [22 iy 

0.8-1.0 1.0-1.5 1.0-1.4 
Ratio of lemma length/lemma width 8.5 heal bel 

8.0—9.3 5.7-8.3 4.6-5.5 
Length of hairs on basal awn segment 1.0 1.0 less than 0.1 

(mm.) 0.7-1.1 0.5-1.3 


1 Means and ranges of measurements are given. Measurements were made with 
a binocular microscope equipped with a micrometer eyepiece. 


Living specimens of these three species were secured for cytological 
studies from the area of the Government Center in Yosemite National 
Park in July of 1952. The plants were grown in the greenhouses of the 
Genetics Department of the University of California at Berkeley. Fixa- 
tions of anther material in 3:1 absolute alcohol—glacial acetic acid were 
made and chromosome numbers were determined from aceto-carmine 
squash preparations of pollen mother cells. Voucher specimens of the 
plants from which cytological materials were secured are preserved in the 
Herbarium of the University of California at Berkeley. 

Gametic chromosome numbers of 18 were found in S. elmeri (fig. 1) 
and 17 in S. lemmonii (fig. 3). These are equivalent to the somatic num- 
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S. le. S.la. 


Florets 


| st. Glumes 


Blades 


Fic. 4. Florets, first glumes, and leaf cross-sections of S. lemmonii, S. latiglumis, 
and S. elmeri. 


ber of 2n=36 determined for S. elmeri and 2n=34 determined for S. lem- 
monii var. jonesii by Stebbins and Love (1941). Among the species of 
Stipa found in California, only S. lepida, S. thurberiana, and S. lemmonu 
var. jonesii are known to possess 34 chromosomes in the somatic comple- 
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ment. Neither S. thurberiana nor S. lepida is known to be present in the 
Yosemite area, and both differ from S. latiglumis in their morphological 
characteristics and may be excluded as possible parents of the putative 
hybrid. 

The gametic chromosome number of S. latiglumis is 35 (fig. 2), equal- 
ling the sum of the gametic numbers of the local S. elmeri and S. lemmonii 
from Yosemite Valley. Meiotic pairing is apparently regular, although a 
small number of univalents appear to be present in some preparations. 
Two chromatin bridges have been observed at anaphase I in a number of 
sporocytes. Both herbarium specimens and living plants grown at Berke- 
ley bear apparently normal seed. 

It appears from the evidence furnished by gross morphology, habitat 
relationships and chromosome numbers, that S. latiglumis is an allopoly- 
ploid derivative of S. elmeri and S. lemmoni.. Its fertility, its ability to 
breed true, and the relatively large size of its parafloral parts, can all be 
explained by its polyploid nature. Within Yosemite Valley, it appears to 
be fairly common. Because of the intense Pleistocene glaciation of the 
Valley, its tenancy there must be post-Pleistocene. It is very probable 
that it originated there in post-Pleistocene time. The isolated occurrences 
of this species from Fresno and Riverside counties may represent separate 
origins of this species from its parents, since each of these localities fall 
within the coincident ranges of the parental species. 

Voucher specimens for chromosome counts. YOSEMITE NATIONAL Park, 
CALIFORNIA. Stipa elmeri: forested alluvial valley fill below Bridal Veil 
Falls, October 26, 1952, Stebbins, Stutz & Pohl 7211. Stipa latiglumis: 
with S. elmeri in sandy, somewhat rocky soil in open forest of Pinus pon- 
derosa and Quercus kelloggit, altitude 4,000 feet, in northwest part of 
residential area, Government Center, July 7, 1952, Stebbins, Stutz & 
Zohary 5114-2 and 5114-1. S. lemmoni: dry, rocky talus in shade of 
Quercus chrysolepis, altitude 4,100 feet, along horse trail immediately 
north of Government Center, July 7, 1952, Stebbins, Stutz & Zohary 
5117-5. 

Specimens of S. /atiglumis examined. CALIFORNIA. Yosemite National 
Park: Camp Lost Arrow, altitude 4,000-4,500 feet, June 22, 1911, 
Abrams 4469 (DS, isotype) ; Yosemite Valley, Bolander 6099 (UC, US); 
Government Center, Stebbins, Stutz & Zohary 5114 (9 specimens) (UC, 
ISC); same locality and date, Stebbins et al 5116 (UC); Yosemite Val- 
ley, altitude 4,000 feet, June 25, 1911, Jepson 4280 (US, UC-J). Fresno 
County: 2.5 miles north of Pinehurst (Sec. 12, T. 14S, R. 27E.), altitude 
5,500 feet, July 6, 1944, Keck 5373 (DS); Dunlop to Millwood, June 
6-18, 1903, Griffiths 4680 (US). Riverside County: Idyllwild, Mount 
San Jacinto, small erect clumps, sandy pine woods, June 23, 1927, Swal- 
len 656 (US). 
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A NEW GRATIOLA FROM BOGGS LAKE, 
LAKE COUNTY, CALIFORNIA 


HERBERT L. MAson AND RIMO BACIGALUPI 


In April, 1923, J. W. Blankenship collected material of a species of 
Gratiola which he was unable to identify in the current manuals. He sent 
specimens to W. L. Jepson for identification. In the Jepson herbarium, the 
Blankenship specimens represent three collections all labeled ‘‘Kelsey- 
ville, Lake County.” In one of these collections, that of May 21, 1929, 
Kelseyville is stricken out and ‘“Bogg’s Lake” inserted, presumably by 
Blankenship. Jepson drew up a description and gave the species a manu- 
script name descriptive of recurved pedicels, a character which in the 
Blankenship specimens apparently resulted from his failure to press the 
specimens immediately, for the pedicels are in reality erect. In the Jepson 
manuscript, there is pencilled the annotation in Jepson’s handwriting, 
“any good?” which attests Jepson’s later doubt as to the distinctness of 
his proposed species. Jepson apparently never saw the plants in the field. 
This species was rediscovered at Boggs Lake by the writers in 1953. Be- 
cause of the inappropriateness and misleading character of the Jepson 
manuscript name, we do not adopt it but propose another. 

The plants occur mostly as scattered individuals in the marginal waters 
of the seasonally receding shoreline of Boggs Lake at the west base of 
Mount Hanna in Lake County, California, at an elevation of 2900 feet. 
Often they stand out as single, erect, yellow-flowered individuals in a mass 
of the coarse, prostrate, white-flowered Gratiola ebracteata Benth. In only 
a few cases were the plants found aggregated in groups of more than one 
or two individuals. Such groups were in depressions made by the hoofs 
of cattle and might well reflect the aggregation and pressing into the mud 
of mature and still filled capsules of the previous season. 

Gratiola heterosepala Mason & Bacigalupi sp. nov. A Gratiola ebrac- 
teata foliis superioribus obtusis nonnumquam emarginatis calyce in- 
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Fics. 1-8. Gratiola heterosepala. 1, 2, habit, * 1, note glandular hairs in inflores- 
cence; 3, flower, front view, lower lip removed, x 3; 4, flower, lateral view, < 3; 
5, flower, side view, X 4; 6, young capsule, X 3; 7, capsule, X 5; 8, seed, X 33. 
(Drawn from Mason & Bacigalupi 14,544.) 


aequaliter sepalis tribus superioribus connatis fisso corolla aurata labio 
elus inferiore albo discedit. 

Erect amphibious annual herb; stems 2—10 cm. high, stout and fistulose 
below, slender above, conspicuously striate, glabrous below, pubescent in 
the inflorescence with glandular-capitate hairs; leaves decussately oppo- 
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site, lowermost linear-lanceolate, although appearing as though connate, 
the blade not clasping the stem, 1—2 cm. long, middle leaves much shorter, 
oblong, the upper obovate, rounded or emarginate, 2—5 mm. long; flowers 
few on slender erect ebracteate glandular-pubescent pedicels; calyx un- 
equally cleft, the two lower sepals distinct, 4-6 mm. long, oblong, obtuse 
and emarginate; the three upper sepals joined for one-third of their length 
or more, the 2 lateral shorter and narrower, the middle lobe broadly ob- 
long, emarginate; corolla tubular, the tube somewhat curved, quadrate, 
exceeding the calyx, 6-8 mm. long, pilose with gland-tipped hairs exter- 
nally, a few simple hairs below the stamen-insertion within, 5-lobed, yel- 
low, its lobes 1-2 mm. long, the upper pair of lobes joined nearly to the 
tip, yellow, the lower three free to the base, white; stamens 2 on short 
slender filaments, inserted about midway on the tube below the upper 
pair of petals, the anthers versatile, the sacs slightly unequal; ovary 
inserted on a thin annular disc, pyriform, 2—3 mm. long, style 1.5—2 mm. 
long, stigma asymmetrically 2-lobed, the shorter lobe folded against the 
base of the longer; capsule pyriform, about equaling the persistent calyx; 
seeds oblong, longitudinally ribbed and with indistinct horizontal ribs. 

In shallow water on the southwest margins of Boggs Lake, Lake Coun- 
ty, California, Mason and Bacigalupi 14,544, June 8, 1953 (type, UC 
985639; Kelseyville [? | Blankenship, April 26, 1923, and May 25, 1929 
(JEPS); Boggs Lake, Blankenship, May 21, 1929 (JEPS). 


Department of Botany, 
University of California, Berkeley. 


A NEW SPECIES OF HELIOPSIS FROM BAJA CALIFORNIA, 
MEXICO 


T. RICHARD FISHER 


In 1951, a taxonomic study was begun on the genus Heliopsis of the 
Compositae. During the course of this study a previously undescribed 
species was discovered. 

Heliopsis rubra sp. nov. Herba perennis erecta vel ascendens, 50-75 
cm. alta; caulis ad basem versus glaber supra, sparse pubescens; folia 
rhomboideo-deltoidea, integra vel dentibus acutis mucronatis, sparse den- 
tata, 3.5-5.0 cm. lata, 6.5-12.0 cm. longa; petioli hirsuti; capitula 1.0—-1.5 
cm. lata, 1.0-1.8 cm. alta; involucra 2-seriata, phyllaria adpressa; radii 
8-10, aurei; corollae disci flavae; paleae oblongo-lanceolatae rubrae eae 
senescentes fulvae; radii achenia triangularia, 4.0-5.0 mm. longa, irregu- 
lariter tuberculata; achenia disci quadrangularia. 

Erect or ascending biennial or perennial herb in mountainous regions, 
annual in plains regions, 50-75 cm. tall, branched nearly to woody base; 
stems 0.5—3.5 mm. thick, glabrous below, sparingly pubescent above, pre- 
vious years’ stems glaucous, periderm flaking with age; axils of lateral 
branches and leaves densely tomentose; internodes 3.5—6.5 cm. long; 
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Fic. 1. Heliopsis parvifolia, cauline leaf, reduced %. Fic. 2. Heliopsis rubra, 
cauline leaf, reduced 1%. Fic. 3. Heliopsis rubra, pubescence of leaf axils, greatly 
enlarged. 


leaves 6.5-12.0 cm. long, 3.5—5.0 cm. wide, firm, light green below, darker 
green above, petioles slender, 3.5—5.5 cm. long, tomentose, lower surfaces 
of blades glandular hirsute, densely strigose on the veins, upper surface 
glandular hirsute, rather scabrous, blades deltoid-rhomboid, apex acumi- 
nate, base attenuate to obtuse, margin nearly entire or sparingly dentate, 
teeth acute and mucronate; heads (excluding rays) 1.0—-1.5 cm. wide (in 
fruit); involucre 2-seriate, phyllaries appressed, the outer unequal, ob- 
long to oblong-lanceolate, apex acuminate to acute, densely velutinous 
to sericeous on the outer surface extending downward onto the upper limit 
of the peduncle; the inner phyllaries shorter and more acuminate; rays 
8-10, 14-21 cm. long, 6-8 mm. wide, 13-15 nerved, when young yellow 
below, reddish-orange above, becoming dull yellow with conspicuous 
greenish, sparingly pubescent nerves below, and golden yellow above at 
maturity; disk corollas yellowish, lobes sparingly pubescent at the apex, 
tube 4.0-4.5 mm. long (at anthesis), obtuse; pales lanceolate-oblong to 
spatulate, glabrous, red at apex when young, becoming brownish-orange 
with age, membranaceous along the margins, 7.0—7.5 mm. long, 1.5—2.0 
mm. wide; ray achenes triangular, outer surface curved, slightly puber- 
ulous when young, 4.0—4.5 mm. long, 2—3 nerved, surface irregularly tuber- 
culate; disk achenes quadrangular, sharply so at the apex, rounded at the 
base, epappose or slightly ridged, faintly nerved on the angles. 

Type. Baja California, Mexico: Distrito del Sur, El Pulpito del Arroyo 
de las Parras, Sierra de la Giganta, lat. 25°58’ N., long, 111°29’ W., north- 
facing slopes, altitude 250 m., 7 October 1951, Annetta Carter and Louise 
Kellogg 3158 (UC 924984; isotype deposited at Indiana University). 

Additional specimens examined. BAJA CALIFORNIA. Distrito del Norte: 


154 MADRONO [Vol. 12 


ee 


% RRO FER is fefo8 


PERROG 
PLANTS (i) HATA CALIFORNIA, MEAICOS 
| Bitdee hed Sur 


KE 
% 


|. 


Fic. 4. Type specimen of Heliopsis rubra. 


between Pozo Aleman and Barril, Wiggins 7841 (GH, MICH, US, Ue) 


east of Pozo Aleman near Calmalli, Epling and Robison s.n. (UC): near 
Arroyo Calmalli, Purpus 221 (UC, F); 4.2 km. south of El Arco, Carter, 


Kellogg, Alexander 1925 (UC). Distrito del Sur: near Mesquital Grande, 
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Haines & Stewart s.n. (UC); near Tres Virgenes, Shreve 7049 (MICH) ; 
near San Ignacio, Wiggins 5432 (GH, MICH, US), Carter, Alexander, 
Kellogg 1952 (UC), Shreve 7049 (US); San Aqueda [Santa Aguada], 
Palmer 230 (US); San Gregorio, Brandegee s.n. (US); Arroyo Hondo, 
Carter, Kellogg 2022 (UC); north of San Xavier, Shreve 6947 (MICH, 
US), Wiggins 7748 (US); near Puerto Escondido, Carter, Kellogg 2866, 
2891 (UC); Agua Verde Bay, Collins, Kearney, Kempton 220 (US); 
Santa Margarita Island, Brandegee s.n. (UC); near Santa Anita, Nelson 
& Goldman 7402 (GH, US); near San Jose del Cabo, Brandegee 309 
(UC), Purpus s.n. (UC); east of Cabo San Lucas, Carter, Alexander, 
Kellogg 2271 (UC). 

These collections have, in most instances, previously been identified as 
Heliopsis parvifolia A. Gray, which undoubtedly is the nearest relative of 
Heliopsis rubra. Some of the distinguishing differences between the two 
species are as follows: 


H. parvifolia H. rubra 
1. Axils of lateral branches and leaves 1. Axils of lateral branches and leaves 
glabrous or sparingly pubescent. densely tomentose (fig. 3). 
2. Cauline leaves deltoid-lanceolate or 2. Cauline leaves deltoid-rhomboid 
rhomboid-lanceolate, approaching del- (fig..2))). 


toid-ovate (fig. 1). 
3. Leaf surfaces glabrous to sparingly 3. Leaf surfaces strigose. 


pubescent. 

4. Apex of the pales yellowish, dull 4. Apex of the pales red, brownish- 
brown at maturity. orange at maturity. 

5. Achenes brownish-black, rugulose ; 5. Achenes tan to dark brown, irregu- 
ray achenes 4.0-5.0 mm. larly tuberculate; ray achenes 7.0- 


7.5 mm. long. 


Heliopsis parvifolia has a general geographic distribution from south- 
central New Mexico to southeast Arizona, south to the state of Durango, 
Mexico, and east to the state of Tamaulipas, whereas H. rubra is re- 
stricted to the peninsula of Baja California. 

According to Annetta Carter (correspondence), who has collected in 
the vicinity of the type locality on several occasions, this Heliopsis is more 
frequent in mountainous areas than on the plains. In the mountains it 
usually occurs on north-facing slopes or breaks in vertical canyon walls. 
In years of good late summer rains it may be abundant in full sun on 
open plains, while in poor years these areas support little or no annual 
vegetation and may be covered with drifting sand. 

An attempt was made in the spring of 1952 to germinate seeds from 
herbarium specimens (Carter 1952), but only one seed germinated. The 
plant was grown and observed in the research field at Indiana University 
during the summer. The chromosome number was found to be n= 14, 
the same as for H. helianthoides (L.) Sweet, H. parvifolia A. Gray, and 
H. annua Hemsley. 


Botany Department, 
Indiana University, Bloomington. 
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LODGEPOLE PINE DISCOVERED AND MISNAMED 
N. T. Mirov! 


Lodgepole pine was first collected by Mertens on Sitka Island, Alaska. 
Here is the story of the discovery of this pine. 

Mertens (Alden & Ifft, 1943) was born in Bremen, Germany, in 1796. 
He studied medicine at the University of Gottingen. In 1824 he left 
Germany for St. Petersburg, Russia, hoping for a position with Captain 
Kotzebue’s around-the-world expedition. He did not get the job, but went 
instead to the southern part of Russia where he practiced medicine. Even- 
tually, in 1826, he was appointed as a botanist-zoologist with Captain 
Lutke’s around-the-world expedition sponsored by the Russian Govern- 
ment. Lutke, himself, was a scholar who later headed both the Russian 
Academy of Sciences and the Imperial Geographic Society. Besides Mer- 
tens, Lutke had with him a geologist, Postels, and an ornithologist, Kittlitz. 

During the expedition, which covered both the north and the south 
Pacific, Mertens made an extensive collection of plants—mostly from the 
tropical parts of the world. He died in St. Petersburg in 1832. Several 
species and one genus have been named in his honor. 

Mertens’ collections were turned over to Henri Gustave Bongard who 
was evidently of French parentage. Bongard was born in 1786, also in 
Germany (in Bonn). Like Mertens, he was a physician with a degree in 
surgery received from the University of Vienna in 1810. Later he moved 
to St. Petersburg, Russia, passed an examination for doctor of medicine, 
and entered practice, but only to keep body and soul together. Botany 
had been, since his childhood. his true love. At last, in 1823, he became 
a professor of botany at the University of St. Petersburg, which position 
he occupied until his death in 1839. As a taxonomist, Bongard is known 
by his monographs of Brazilian plants. The genus Bongardia is named 
after him. 

When Mertens’ Alaskan collection was turned over to Bongard, he 
found among the 222 collections made at Sitka, many of which were new 
species, a specimen of a pine which ultimately came to be recognized as 
Pinus contorta Loudon, commonly called lodgepole pine. Bongard, who 
was brought up in northern Europe where there are only two species of 
pines for the whole expanse of Northern Eurasia (Pinus sylvestris and P. 
cembra), apparently assumed that the eastern American species included 
in Lambert’s monograph (1828) might easily occur in Alaska. Moreover, 
I suspect from Bongard’s description of this Sitka pine that Lambert’s 
beautiful folio with its artistic colored plates, was considered too authori- 
tative to be contradicted. In 1828 Bongard, in a paper on the plants 
of Sitka Island, misidentified Mertens’ Sitka pine as Pinus inops Aiton, 


1 Contribution from the California Forest and Range Experiment Station, which 
is maintained by the Forest Service, United States Department of Agriculture, in 
cooperation with the University of California, Berkeley, California. 
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which is just another name for P. virginiana. He was somewhat uneasy, 
however, about the appearance of the Sitka pine cone, which had “‘spinae 
squamarum parum breviores, quam in icone Lamberti laudata.”’ 

In 1825 David Douglas collected lodgepole pine near the mouth of the 
Columbia River in Washington, and his specimen was quite properly 
described by Loudon (1838) as a new species. Pinus inops of Bongard 
(not Aiton) then became correctly known as P. contorta, but we should 
remember that once—for a short time—lodgepole pine was known as P. 
inops. 

Berkeley, California. 
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Handbook of Plants of the Colorado Front Range. By Witt1AM A. WEBER. 
vi + 232 pp., 78 figs. 1953. University of Colorado Press. $5.00. 

Both professional and lay botanists have long been in need of a satisfactory guide 
to the Colorado flora. The standard manuals for the Southern Rocky Mountains are 
out of print and difficult to obtain. They also are considerably out of date, and dif- 
ficult for the layman to use. On the other hand, available popular handbooks are so 
incomplete in their treatment as to be of relatively little value. In this handbook an 
attempt is made to be sufficiently complete to satisfy the needs of the serious stu- 
dent, and at the same time to make the keys and explanations sufficiently simple to 
encourage both the beginning student and layman. It is not intended, however, for 
the use of the professional taxonomist doing critical work. 

The author is assistant professor of biology and curator of the herbarium in the 
University of Colorado. The book developed from a mimeographed key to the 
Boulder County flora prepared for University of Colorado students. Friends working 
with the Colorado flora, in desperate need for up-to-date information, encouraged 
Weber to expand his set of keys to cover the Front Range area. This area includes 
the eastern slope of the Front Range between Rocky Mountain National Park and 
Pike’s Peak, and ranges in elevation from 5,000 feet to 14,000 feet. Approximately 
1,300 species, or almost one half of the total number found in Colorado, occur here. 
The usefulness of the handbook, however, is extended considerably beyond the limits 
of the Front Range because of similarity in the flora throughout the mountainous 
areas of the state. 

This handbook was completed several years ago, but financial difficulties prevented 
immediate publication. The necessity for most authors of regional floras to meet a 
substantial part of the cost of publication has delayed the appearance of many such 
books and prevented the publication of several. Dr. Weber fortunately found the 
solution to this problem in the University of Colorado Press, which is initiating book 
publication. Nevertheless the book must be reviewed with the realization that many 
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illustrations and much descriptive material had to be omitted purely and simply 
because of publication costs. 

Introductory chapters include simple explanations on the use of keys, and on the 
recognition of growth forms, floral parts, and leaves. There also are brief discussions 
of scientific and common names, general vegetation zones in the Front Range area, 
techniques of plant collecting, and a list of useful reference books. The dichotomous, 
bracketed keys to the families and to the genera and species are excellent. The re- 
viewer feels that Dr. Weber does an unusually good job in selecting diagnostic mor- 
phologic characters in each series. His intimate knowledge of the flora both in the field 
and herbarium, and his interest in amateur and student viewpoints are evident in his 
handling of the keys. Detailed descriptions and complete synonymy are omitted and 
undoubtedly will be missed by some workers. In addition to basic morphologic criteria, 
however, there are notes concerning relative abundance, habitat, and altitudinal range, 
and synonymy with the Rocky Mountain manuals is given. General statements are 
made regarding variation in taxa where hybridization makes it difficult to key indi- 
viduals satisfactorily. Also species which are doubtfully distinct or probably differ- 
entiated into races are indicated. Both scientific and common names are given for 
families, genera and species, and the meaning of the species name is appended. The 
index of scientific and common names lists only families and genera. Inclusion of 
species would have been welcomed by the reviewer. The book is concluded with a 
well-illustrated glossary. The usefulness of these illustrations maks one deplore the 
fact that several hundred others had to be omitted from the keys. 

“Handbook of Plants of the Colorado Front Range” is a valuable contribution for 
an audience with a wide range of botanical experience. It should be welcomed by the 
many persons interested in the Colorado flora who have needed it so greatly.— 
JEAN LANGENHEIM, Department of Botany, University of California, Berkeley. 


Flora of West Virginia (Part II). By P. D. StrAusBAUGH and EArt L. Core. 
West Virginia University Bulletin, Series 53, June, 1953. $1.00. 

Part two of this well done and inexpensive local flora series is the first of the two 
or three proposed fascicles treating those dicotyledonous plants “growing without cul- 
tivation” in West Virginia. (Part I of the series — reviewed in the April, 1953, issue 
of Madronho — treated the Pteridophyta, gymnosperms, and monocotyledons of that 
state.) Following the sequence used in the last edition of ‘““Gray’s Manual,” the current 
fascicle begins with the treatment of the Saururaceae and ends with Leguminosae. 

This second installment is of approximately the same size as the first and contains 
pages 275-570 of the series. The style of the two fascicles is also similar. Thus part two 
has the same numerous advantages and the same few disadvantages that were noted 
for part one. In addition to the general advantages of well done local floras, specific 
advantages of this publication include good descriptive material and diagnostic draw- 
ings, and the inclusion of the meaning of all generic and specific names of the taxa 
treated. The nominal price will make a wide and useful distribution of the books of 
this series possible and therefore must also be listed as a distinct advantage. As pointed 
out in the review of part one, the lack of uniformity of drawings, which were taken 
from different sources, is of minor esthetic importance and in no way detracts from 
the accuracy or usefulness of the flora. With the publication of part two it is more 
apparent that the lack of keys to the families in each fascicle as well as the lack of 
an index for each fascicle is a distinct disadvantage — especially since the book will 
be used by students and since the last volume, to contain a comprehensive index, may 
not be out for several more years. 

The perennial problem of identification and relationships within the genus Rubus 
appears to be unavoidable, and the authors draw on the recent work of Davis and 
Davis (The genus Rubus in West Virginia. Castanea 18:1-30. 1953) and recognize 
eighty species of Rubus in the area covered. Within this genus even the drawings are 
of little help and positive identification to the species level will often be rather dif- 
ficult. Recognition of a smaller number of species, even polymorphic ones, would 
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appear more feasible (at least to one who has never worked with Rubus per se!) in 
such a flora; but this may not come to pass for in their article Davis and Davis 
(loc. cit.) mention some one hundred unidentified Rubus collections on hand and say 
that some of these “. .. will probably necessitate the addition of new species.” Per- 
haps it is fortunate that Strausbaugh and Core got part two of their flora into pub- 
lication before this further splitting came about ——C. RiTcHIE BELL, Botany Depart- 
ment, University of Illinois, Urbana. 


Diccionario de Botanica. By P. Font QUER with the collaboration of eminent 
specialists. Editorial Labor, S.A. Barcelona. Pp. xi + 1244, 1000 text figures. 1953. 
$12.80. 

Because of the vast amount of information which it contains, Font Quer’s ‘“Dic- 
cionario de Botanica” might almost be referred to as encyclopedic. In addition to 
derivations, synonyms, source references, and definitions of terms used in all phases 
of botany, the treatment of many of the entries includes brief summaries of the sub- 
ject. The encyclopedic nature of the volume is illustrated by the treatment accorded 
such words as formacion, wherein the concepts held by Martius, Kerner, Moss, Cle- 
ments, and del Villar are summarized; tanzno, under which three types of tanin are 
discussed and the formulas given; szmbiosis, in which a half page is devoted to dis- 
cussion; and szgno, wherein five pages are given to signs — from the “shorthand” so 
frequently used in our early botanical literature to the pictographs of current work- 
ers — a much more extensive treatment than is usually encountered. Other significant 
entries are Lanjouw’s abbreviations for the herbaria of the world, found in their 
proper alphabetical sequence in the main text. These are also grouped geographically 
in the Vocabulario Ideoldgico following the body of the work. 

Forty pages of introduction include discussion of the orthographic matters involved 
in changing Greek and Latin terms to Castillian, the transition undergone by synony- 
mous terms used from the time of Linnaeus through the Spanish botanists of the 
1700’s down to the present, and the criteria used in compiling the “Diccionario.” 

The taxonomic nomenclature adopted is in accord with the decisions of the Inter- 
national Botanical Congress. Terms relative to taxonomy were taken from the eleventh 
edition of the “Syllabus der Pflanzenfamilien.”’ Plant names below the level of family 
(genera, species, etc.) are not included as entries in the dictionary, but under discus- 
sion of each family the most important genera have been listed. In the discussion of 
criteria for exclusion and inclusion of terms (pp. xxxiii, xxxiv), it is explained that 
alphabetical entry of all genera would have made the work much too bulky. This 
aspect of botanical reference literature is adequately handled by Willis in his “Dic- 
tionary of the Flowering Plants and Ferns.” 

The treatment of synonymous terms deserves some mention. A preferred term is 
given full treatment, but various synonyms are listed in proper alphabetical sequence 
and allotted only sufficient space for derivation and a brief definition. Synonymous 
terms are referred to the preferable term but not to each other. 

Following the main section of the dictionary, a supplement of eleven pages of 
additional terms indicates the care which was taken to bring the completed work as 
nearly up to date as possible. Errors which inevitably creep into such an extensive 
work as this are cared for by the three pages of errata inserted in the introductory 
pages. An interesting and useful feature of the dictionary is the Vocabulario Ideoldgico, 
wherein the principal terms treated in the main body of the dictionary are grouped 
according to the nineteen aspects of botany in which they are most commonly used. 
Under numerous sub-categories here are listed the technical words that one would 
expect to find in the discussion of such items as protoplasm, climate and microcli- 
mates, or pteridophytes. The final eight pages of the volume are devoted to selected 
bibliographical references used in the compilation of the dictionary. 

The dictionary is abundantly illustrated with clear line drawings, many of them 
original. Others are those with which we have long been familiar, e.g. the formas 
bioldgicas of Raunkiaer, or the flowers characterizing various families as portrayed 
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in Wettstein. As to typography, the dictionary is printed in very legible eight point 
type. It is attractively bound in quarter leather, and the excellence of the workman- 
ship is attested to by the ease with which the book lies open at any page. 

There is nothing in English comparable to Font Quer’s work; Jackson’s “Glossary 
of Botanic Terms” comes the closest. Even though many of us may not feel at home 
with the Spanish language, we will find this “Diccionario de Botanica” an extremely 
valuable botanical reference work. Dr. Font Quer and his eight principal collabo- 
rators are to be congratulated on the publication of this volume.—ANNETTA CARTER, 
Department of Botany, University of California, Berkeley. 


NOTES AND NEWS 


RANDOM OBSERVATIONS IN THE HIGH SIERRA OF YOSEMITE NATIONAL Park, CALI- 
FORNIA. Plants of Lewisia disepala Rydberg growing in granitic sands at 8000 feet 
elevation on Mount Watkins closed their petals about noon whether the day were 
bright or overcast. Cross pollination of Polemonium californicum Eastwood seems 
assured by the fact that after the sepals have opened, the petals for a time remain 
closed, clasping the well-exserted stigma. Plants exhibiting this behaviour were noted 
during the summer of 1953 at May Lake between elevations of 8600 and 9000 feet.— 
H. L. BucKAa.ew, Fresno, California. 


The editors of Madrono feel that an explanation for the appearance and late 
publication date of the October number of the Journal is in order. During its compo- 
sition, the printer then doing our work went into bankruptcy. In this emergency our 
Assistant Business Manager performed yeoman service and obtained the services of 
a nearby printer who salvaged type and manuscript. Not being experienced with scien- 
tific publication, this new printer proceeded with the final copy without presenting 
second proofs to the editor. Under the circumstances, it seemed best to include an 
errata slip in the issue rather than penalize the printer by asking him to reprint a job 
which was undertaken in part as a gesture of good will. We therefore ask the indul- 
gence of our readers. 

With the present number, we have placed Madrono in the hands of Gillick Press 
in Berkeley, and we are looking forward to the publication of a journal with a high 
quality of printing —H.L.M. 


On January 21, 1954, at the regular monthly meeting of the California Botanical 
Society, the following persons were elected as officers: President: N. T. Mirov; First 
Vice-president: William Hiesey; Second Vice-president: Harlan Lewis; Recording 
Secretary: Mary L. Bowerman; Corresponding Secretary: G. Thomas Robbins; 
Treasurer: Richard W. Holm. 


Some publications of interest follow: 

Karok Ethnobotany, by Sara M. Schenck and E. W. Gifford. Anthropological 
Records 13(6) :377-392. 1952. University of California Press. The Karok territory 
extends along the Klamath River from above Bluff Creek, Humboldt County, to 
above Happy Camp, Siskiyou County, California. 

A Revision of the North American Species of Lathyrus, by C. Leo Hitchcock. 
University of Washington Publications in Biology 15:1-104, 9 pls., 10 maps, 2 charts. 
1952. $2.50. 

Drawings of British Plants, by Stella Ross-Craig. Part V. Caryophyllaceae, 66 pls. 
1951. Part VI, Portulacaceae through Aceraceae, 56 pls. 1952. G. Bell and Sons, Ltd. 
Each part 10s. net. 

Nuttall’s Travels into the Old Northwest, an unpublished 1810 Diary, by Jeanette 
E. Graustein. Chronica Botanica, Vol. 14, No. 1/2. 1950-51. $3.00. 

Artemisia, section Seriphidium, in North America, a cytotaxonomic study, by 
George H. Ward. Contributions from the Dudley Herbarium, Volume 4, Part 6, 
1953. Stanford University, Stanford, California. 


INFORMATION FOR CONTRIBUTORS 


Manuscripts submitted for publication should not exceed 20 pages when 
printed, or contain more than 20 per cent illustrative material including 
tabular matter, unless the author agree to bear the additional cost. Subject 
to the approval of the Editorial Board, manuscripts may be published 
ahead of schedule as additional pages to the issue, provided the author 
assume the complete cost of publication. 

Shorter items, such as range extensions and other biological notes, 
will be published in condensed form with a suitable title under the general 
heading, ““Notes and News.” 

Institutional abbreviations in specimen citations should follow Lanjouw 
and Stafleu’s list (Index Herbariorum. Part 1. The Herbaria of the World. 
Utrecht. Second Edition, 1954). 


Articles may be submitted to any member of the Editorial Board. 
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MIGRATION AND EVOLUTION IN PLANTS! 


HERBERT L. MASON 


It will be my objective to point out that the dynamics of the genetic 
elaboration of the plant population over the available habitats is the 
dynamics of natural selection and that genetic variation and natural se- 
lection together provide the dynamics of plant migration. Hence, plant 
migration and the organic evolution of each genetic lineage involved are 
concomitant. 

THE CONCEPT OF MIGRATION 


There are at least three different types of movement of natural popu- 
lations, each of which may be spoken of as migration. There is the oscil- 
lating phenomenon such as the back and forth movement of ducks and 
geese wherein these animals migrate closely in tune with the seasonal pro- 
gression of climate. This we may speak of simply as seasonal migration. 
Although these animals are adapted genetically to this mode of life, the 
dynamics of seasonal migration do not involve the simultaneous and obli- 
gate genetic elaboration of the population over area. 

A second type of migration is the impulsive or sporadic movement of 
organisms possibly related to overpopulation phenomena. Here we have 
such phenomena as the curious suicidal migrations of the arctic lemming 
and the occasional mass migrations of excessively large populations of 
rodents such as the migration of mice in the San Joaquin Valley of Cali- 
fornia a few years ago. Such sporadic migrations do not necessarily in- 
volve the genetic elaboration of the population, although with the increase 
in density of the population there is probably a concomitant increase in 
its genetic variability. 

A third type of migration is not seasonally oscillatory, but it may at 
times appear as though sporadic. It is often persistently directional 
through long time, and always involves the lineal succession of individ- 
uals. It may be either a response to secular environmental changes or to 
the local environmental selection of fortuitous adaptive changes that are 
products of genetic variation. More commonly, these changes operate to- 
gether. Because such changes usually include occurrences on a scale of 
very long time periods even in terms of geological time, we may speak of 
this type of migration as secular migration. 

Both seasonal and sporadic migration are known only in animals. Secu- 
lar migration may occur in both animals and plants. For instance we have 
fossil evidence that both the camel and the horse originated in North 
America, where they are now extinct, and migrated to the old world, where 
they still persist in the form of changed modern descendants. We have 


1 Presented as a semi-popular lecture in the “Symposium on Evolution” commem- 
orating the Centennial of Mills College, Oakland, California, April, 1952. 
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similar evidence of the migration of plants which we are able to trace 
through the “flashes” of the fossil record and through which we may 
interpret the evolutionary changes that have taken place during this 
migration. 

The important difference between secular migration and seasonal and 
sporadic migration is that secular migration, because it is involved with 
the linear reproductive succession of individuals through time, is oblig- 
ately concerned with the genetic elaboration of the population over envi- 
ronments. Such genetic elaboration of the population over environments 
is a significant part of the migrational dynamics. This need not be the case 
with either seasonal or sporadic migration. 

It is necessary that I make clear that migration and dispersal are not 
synonymous. Dispersal is the movement of an organism in any form from 
one place to another (Ridley, 1930). If, however, after dispersal, the indi- 
vidual is unable to survive and reproduce, there is no migration (Clements, 
1916). At any given time with any species population the potential scope 
of dispersal is infinitely greater than is the potential scope of migration. 
Seeds regularly find their way into many habitats in which there is no 
chance of their survival. Perhaps the best examples are the hundreds of 
cultivated plants dispersed by man through cultivation which are un- 
able to survive in the areas into which they are introduced except through 
the care given them by man. Assuming that activities associated with 
man’s culture are artificial, such introduced plants are not regarded as 
part of the natural plant population. On the other hand, many of our 
weeds, dispersed through man’s carelessness, became established and now 
are self-perpetuating populations. These are examples of effective steps 
in migration. 

Dispersal beyond the habitat of the population provides that genetic 
variants, initiated in the population, may reach a new environment to 
which they may be adapted and by which they may be selected for sur- 
vival. If the new area is contiguous to the old, the area of the population 
is extended, and the survival of the new variant may, through gene ex- 
change, serve to stimulate the pattern of genetic variability of the popula- 
tion as a whole. If the new area is not contiguous a new, isolated or semi- 
isolated race is established. 

It is also important that I point out that we have traditionally thought 
of secular migration in terms of the migration of floras and faunas 
(Chaney, 1936). Such apparent mass migrations are strictly coincidental 
insofar as dynamics are concerned. If we are to study and interpret mi- 
grations in terms of dynamics we must concern ourselves solely with the 
activities of successive individuals within interbreeding populations func- 
tioning under the influence of environmental conditions. 


THE DYNAMICS OF MIGRATION 


In a previous paper (Mason, 1946) I have pointed out that there are 
three aspects to the scope of the dynamics of any problem in plant geog- 
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raphy. First, there is the individual organism carrying on the vital proc- 
esses that insure its survival and provide for the continuity of the popu- 
lation. These vital processes are physiological in scope and they operate 
in accordance with the theory of physiological limits and the principle of 
limiting factors, and they are influenced by the conditions of the environ- 
ment. Secondly, there is the genetics of the population which is concerned 
with the actual gene exchange between individuals and the genic changes 
that may result from any of the mutagenic agencies that may operate in 
the populations. These may set the physiological capacity of the indi- 
vidual with respect to its various functions. Thirdly, there is the environ- 
ment as it varies over area and through time. The conditions of the envi- 
ronment may function as barriers to migration or they may serve as 
migration lanes. Through environmental control over physiological func- 
tion the environment selects its plant population. This is, in effect, natural 
selection. 

Tue PHYSIOLOGY OF THE INDIVIDUAL. The functioning of plants is 
conditioned by the factors of the environment as they operate to control 
physiological processes. The relationship between environment and pre- 
cise physiological process is probably genetically fixed within each indi- 
vidual plant as to the nature of the span of tolerance of the particular 
environmental factors concerned. The fixation of the tolerance span may 
result from any of the gene assorting and gene modifying mechanisms of 
cytology and genetics as these operate to allocate a given set of genic 
materials to each individual plant. Physiological characters, as imparted 
by gene combinations, vary among the individuals of the population in 
the same way that morphological characters do. They might and probably 
do vary to the extent that many of the seeds produced are incapable of 
functioning under the environmental regime in any of the available habi- 
tats. However, they could function in some other habitat should chance 
dispersal enable the seed to reach that habitat. 

It is especially important to our thesis that we emphasize the role of 
variation in physiological capacity of individuals of a population. The 
vital physiological processes that go on within each individual plant oper- 
ate within the basic structure of the theory of tolerance and the principle 
of limiting environmental factors. It is because of this that there is a 
close relationship between the plant and the environment. It is because of 
the variation in physiological capacity and the role of limiting environ- 
mental factors that different kinds of plants occur in different kinds of 
habitats. We can speak broadly and say that some kinds of plants grow 
only in the tropics while others grow only in the arctics. Or, as research 
in this field advances, we can speak in increasingly precise terms. We now 
know that species become elaborated over area in direct proportion to 
their genetic diversity with respect to physiological characters on the one 
hand and, on the other, to the degree that these variants become dispersed 
into suitable habitats. The experimental work of Clausen, Keck and 
Hiesey (1948) on Achillea gives ample evidence of this. Thus, individuals 
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comprising a species may be aggregated into populations that differ from 
one another to a greater or lesser degree. Today, facts discovered during 
the research of some of my students enable us to carry this even further. 
We may now state that the precise distributional pattern, even within 
some small interbreeding populations, reflects a pattern of genetic diver- 
sity in the physiological capacity of the individuals that have been selected 
by a pattern of local habitat variation. Some members of the same inter- 
breeding population can survive through selection in one part of the area 
of the population, but would be rejected and perish in another part of the 
area of this same small population. It is because the physiological proc- 
esses of plants operate within limits or extremes of environmental condi- 
tions that they are important in determining the area in which species can 
live. Since the range of tolerance is subject to the laws of evolution and 
genetics and is as characteristic of the plant as are its morphological 
characters, it is to be expected that there will be variation from one indi- 
vidual to another within the interbreeding population. Variation in toler- 
ances thereby becomes the basis of explaining how the members of a 
species become elaborated over a complex set of environmental conditions, 
the total range of which is beyond the capacity of any one individual. Each 
individual is but an increment in the total range of the species. One indi- 
vidual may extend the tolerance of the species population in the direction 
of one environmental extreme while another individual will extend it in 
the direction of another extreme. : 

Thus the physiological processes of the plant, whether they involve 
nutrition, respiration, growth, or reproduction operate under the influ- 
ence or sanction of the environmental conditions. The environmental con- 
dition circumscribes the area in which the function can operate. Variation 
in physiological capacity among individuals almost certainly demands 
that the plants will occupy different kinds of habitats. 

TuHeE GENETICS OF INDIVIDUALS IN POPULATIONS. The interbreeding 
population, through the physiological functioning of individuals and the 
mechanism of gene exchange, sets up a self-perpetuating dynamic system 
so that functioning individuals continually are being produced as old ones 
die. Because there are always individuals present, the population is said 
to persist. Persistence of the population and of the species is thus vested in 
the reproductive process of individuals of the population. For the most 
part, these processes are sexual processes which, because of their attendant 
cytological phenomena, set in motion the mechanics of population genetics. 
Persistence of the population is not guaranteed through population genet- 
ice, but no better device has as yet been produced to insure opportunity 
for survival in the face of fluctuating and changing environmental con- 
ditions. In meeting these situations, some populations have both migrated 
and undergone evolutionary changes. Other populations have not been 
genetically adaptable and have perished. I have previously pointed out 
(Mason, 1946) that genetics, by whatever mechanism it may operate, in 
each individual case functions to set the capacity of the plant to tolerate 
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the conditions of the environment. Once the zygote is formed, the poten- 
tial individual will be capable of carrying on all of its vital functions only 
under the environmental conditions to which it may be thus preadapted. 
Usually seed grow only in an environment similar to that in which the 
parents grew, but genetic processes may result in production of seed hav- 
ing somewhat different capacities than those of the parents, capacities 
that enable the progeny to become established and survive in slightly dif- 
ferent or new environments. Such new environments have nothing to do 
with the preadaptation of these seeds that become established there. They 
can only select or reject an already adapted individual. The role of genet- 
ics, so far as the potential characters of this individual are concerned, 
is ended with the formation of the zygote. Since reproductive processes 
continue in the population, we may think of the population as thereby 
being continuous beyond the life span of any single individual member. 
The continuity in reality is the many successions of individuals, over- 
lapping in their duration. 

That the relation between function and conditioning environmental 
factors is genetically fixed within each individual plant has been estab- 
lished through considerable research (Turesson, 1922; Clausen, Keck 
and Hiesey, 1940, 1948). However, no individual represents the total span 
of variation exhibited by the population as a whole. Breeding programs 
for earliness or lateness in agricultural crops in local situations are dealing 
essentially with the genetics of physiological characters. The fixing of the 
tolerance spans within individuals may result from any of the mechanisms 
operating in genetics which function to apportion gene materials among 
gametes. 

Out of the mass of preadapted seed received, the environment permits 
the survival of only those which are capable of carrying on all of their 
vital functions under the conditions prevailing in that environment. This 
repeated selection, generation after generation, tends to fix the form and 
the physiological capacity of the mass of individuals that constitute the 
species population in that environment, and it tends to control the range 
of genetic variation within the species population. Thus any mutant in 
the population which has the potentiality of affecting physiological rela- 
tions will soon be eliminated should it produce an effect that is not selected 
by the environment. On the other hand, should the mutant produce a 
better relationship with the environment, or should it enable the popula- 
tion to expand its area into new habitats, it will be favored and will tend 
to increase the genetic diversity of the population and thus increase the 
survival chances of the population in the face of environmental fluctua- 
tion and change. This is essentially the mechanism of natural selection. 

Thus the genotypes within the species population become modified by 
environmental selection. This is what Turesson (1922) called, ‘“geno- 
typical response of the plant species to the habitat.”’ Such selection results 
locally in a genetic race thoroughly in adjustment with its environment. 
It involves the pattern of interaction between the various factors of the 
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environment, the physiological processes of the plant concerned with 
germination and establishment and the various functions of individuals. 

It is through these processes that the species is able to persist in a given 
environment through normal fluctuations of environmental conditions. 
Likewise it is through these genetic processes that variation develops, thus 
enabling the species to extend itself into new habitats. Only in this way 
can a migrating plant species overcome the diverse environmental condi- 
tions that it would encounter in its migration. Only in this way can we 
explain the habitat diversity between the species of a genus. In recognizing 
the role of genetics in plant migration, it is important to reemphasize the 
point that the seed destined to survive in a new environment arrived in 
that environment already adapted. Also it is important that we realize 
that the new environment played no part in this preadaptation. All of this 
happened through those genetic phenomena that are inherent in the re- 
productive process under the influence of the environmental relations of 
the parents. 

THE NATURE OF ENVIRONMENT AND ENVIRONMENTAL RELATIONS. 
The medium in which the plant grows, involves chiefly the climate and the 
soils, but it may also include the direct and indirect effects of other organ- 
isms. The interaction of climate, soils, and organisms is very complex. 

Climatic factors in any given region function within a general pattern 
of diurnal and seasonal rhythm, such as the daily fluctuations of tempera- 
ture, or as temperature and rainfall follow a seasonal sequence, or as length 
of day and length of growing season follow a rhythmic sequence. Often 
these rhythmic sequences impose a rhythmic sequence on other environ- 
mental factors such as the position of the water table, or the salinity of 
lakes in seasonally arid regions. The nature of such sequential events may 
be limiting factors to some species of plants. Climatic factors usually 
occur over area as directional gradients of intensity or amount and no 
sharp boundaries exist. Where these appear to exist they are usually evi- 
dence of a local steepening of the gradient. The nature of these gradients 
in their effect upon plant populations often becomes selective locally to 
produce clines within the population with respect to the tolerance of these 
conditions. Each local race is adapted to the local area of the gradient. 
This is often evident in the gradient of length of season on the slopes of 
a mountain of sufficient height where a species occurs throughout. Those 
plants at low altitudes will be adapted to a long season while those at high 
altitudes will be adapted to a short season. 

Edaphic factors are those pertaining to soil composition and condition. 
They operate within a situation imposed by local climate and to some 
extent they may be a product of that local climate. They may be relatively 
persistent features, expressible in terms of presence; they may vary locally 
in their intensity or amount; they may fluctuate as a result of chance 
climatic, biotic or diastrophic events; or they may follow a rhythmic 
pattern in tune with the rhythm of climate. The edaphic situation often 
has persistent features of large area such as may be determined by litho- 
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logic conditions, or by the position of the water table. Such features in 
turn produce effects upon soils to which they contribute. In conjunction 
with local climate, soils may be significantly altered and characterized by 
accumulations of salts at the surface. There are many ways in which 
edaphic situations may vary either within themselves or through their 
interactions with other environmental conditions. In any event, the areas 
occupied by given sets of edaphic conditions constitute the areas available 
to plants, and the mosaic of edaphic factors across area provides a Ssig- 
nificant set of variants for the operation of selection. 

Biotic factors present many interpretational problems because the or- 
ganism itself is subject to climatic and edaphic situations. Furthermore 
biotic effects may be either direct or indirect. When the influence of an 
organism is indirect, the organism creates a condition in another factor 
to which a second organism reacts. For instance a rodent may loosen the 
soil. The reaction of any plant that might be affected is to the loosened 
soil rather than to the rodent directly. Loosened soil due to other causes 
might produce the same effect in the plant. 

It should be made clear that because they are often interrelated the 
problems of environmental factors and their conditioning effects are not 
simple. They are not solely matters of presence or absence of fluctuating 
intensities and demands, nor are they the simple problems of gradients 
between extremes. They may involve coincidences between two or more 
rhythmic cycles of fluctuating conditions, or fluctuating physiological de- 
mands, or of rhythmic sequences in the ontogeny of the plant. Often they 
serve to condition one another and in so doing, they may alter the physio- 
logical response. 

When we consider all aspects of the environment, it becomes clear that 
much of its significance to our problem is the fact that environmental con- 
dition occupies area independently of whether or not the precise condition 
or combination of conditions may influence a particular organism. Thus 
area is subordinate to environmental condition in determining where a 
given species can grow. Of equal significance is the fact that environ- 
mental condition varies enormously over area, thus presenting a mosaic 
of conditions sometimes locally rather uniform, sometimes locally very 
complex. Each such local habitat is either the potential habitat of some 
chance genetic race of the species population, or it may present a barrier 
too great for a genetic race to cross by occupancy and successive seed 
dispersal. 

It should be clear that environmental conditions as they occupy area 
present problems to any migrating species. The magnitude of some of 
these areas is such as to make it mandatory that the species cross by 
occupying the area. One individual seed may, by preadaptation and for- 
tuitous dispersal, reach a suitable habitat in the area and become estab- 
lished. Before a second step can be taken normally, the reproductive 
process must take place to produce additional migrules. These, if they 
succeed, build a local interbreeding population. 
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In the process of migration, environmental diversity must be met and 
overcome through the development of individuals and races of the species 
population preadapted to the new environmental situations that are en- 
countered in the migration. Although in general the population must cross 
such areas by inhabiting them, some fortuitous long-jump dispersal may 
at times occur. The greater the genetic diversity of the population, the 
greater are its chances of survival in the face of the hazards of migration. 
A genetically stable species has little chance of success as a migrant. We 
must bear in mind that migration is possible through successive genotypic 
changes which meet the pattern of the environment encountered. Climatic 
change usually makes it mandatory that the species population either mi- 
grate, become adapted to the change, or perish. Under conditions of cli- 
matic change, the species population may remain within range of the 
same climatic conditions by migrating in pace with the change. In so 
doing, however, it encounters very great edaphic diversity to which it 
must become accommodated or it will perish. Such a migrating popula- 
tion may leave behind descendant populations capable of adjustment to 
further climatic changes. These populations may become points of origin 
of further evolutionary diversification. 

In conclusion, we may say that simultaneous with migration we usually 
find evolutionary diversification by means of genetic elaboration of the 
migrating lineages. Thus, the population is accommodated to the environ- 
mental diversity that it encounters. The interbreeding population pro- 
vides the necessary reservoir of genic materials for recombination in vary- 
ing manner. It thereby provides for the persistence of the species through 
adjustment to environmental fluctuation and change and for extending 
the area through genetic change. At length these changes may be of pro- 
found scope and be spoken of as evolution. 

It is doubtful if any extensive long-term migration is possible without 
significant evolutionary change in physiological capacity. It seems prob- 
able that only plants undergoing active speciation are capable of extensive 
migration. It would seem therefore that an elaborate taxonomic and geo- 
graphic pattern in any group of plants would stand as testimony of a 
former highly vigorous genetic nature. 


Department of Botany, 
University of California, Berkeley. 
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CHROMOSOME NUMBERS, APOMIXIS, AND INTERSPECIFIC 
HYBRIDIZATION IN THE GENUS TOWNSENDIA! 


Joun H. BEAMAN 


The genus Townsendia Hooker, of the tribe Astereae of the Compo- 
sitae, consists of about twenty species of small annual, biennial, or per- 
ennial, western North American plants. The genus was revised by Larsen 
(1927), but since that time several poorly understood taxonomic com- 
plexes have become apparent. Since no chromosome studies on any mem- 
ber of the genus had previously been reported, a cytotaxonomic study was 
initiated in an attempt to solve some of these problems through a better 
understanding of natural relationships within the genus. 

As the study progressed, other problems, chiefly involving apomixis and 
polyploidy, were encountered. With the appearance of these complica- 
tions came the realization that Townsendia is ideally suited for intensive 
studies directed toward a further understanding of the roles of hybridiza- 
tion, apomixis, and polyploidy in speciation. The genus has a relatively 
small number of species and a fairly limited range. Most species flower 
profusely and can be grown without difficulty in the greenhouse or gar- 
den. These advantages make it a convenient subject for experimental 
studies on some of the mechanics of evolution. 


MATERIAL AND METHODS 
The collections studied are listed by species in Table 1. Culture num- 
ber, chromosome number, and source of collection are given. Voucher 
specimens are filed in the Herbarium of the State College of Washington. 
The collections were grown in the greenhouse and most of them also 
in the experimental garden at Pullman, Washington. Seeds were germi- 
nated on moist filter paper in petri dishes, the young seedlings transferred 
to pots, and some of them later transplanted to the garden. Plants of some 
collections were transplanted from their natural habitat to the greenhouse 


1A thesis submitted in partial fulfillment of the requirements for the degree of 
Master of Science in Botany at the State College of Washington, 1953. The author 
wishes to express his appreciation to Dr. Marion Ownbey who suggested the prob- 
lem, served as advisor during the course of the research, and provided many sug- 
gestions during the preparation of the manuscript. 
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TABLE 1. CHROMOSOME NUMBER AND SOURCE OF TOWNSENDIA COLLECTIONS STUDIED. 


Chromo- 
some 
Taxon Culture Number, 2n 
T.anomala 33 18 
T. arizonica 4 18 
T. arizonica 5 18 
T. exscapa 46 18 
T. florifer 1 18 
T. florifer 28 18 
T. grandiflora 18 18 
T. grandiflora 39 18 
T.incana 6 28 
T.incana Su 30 
T.leptotes 42 18 
T. mensana 38 18 
T. minima 5 27 
T. montana 35 18 
T. montana 29 36 
T Parryz Sil 18 
Earnie 8 36 
T  Parrst 34 36 
T. Rothrocki 44 36 
T. spathulata 47 36? 


Source 


WyomiInc, Park Co.: near Holm Lodge on Crossed 
Sabre Ranch, 10 mi. east of the east entrance to Yel- 
lowstone National Park, Beaman and Preece 503. 
ARIzONA, Coconino Co.: 9 mi. east of Peach 
Springs, Preece and Turner 2609. 

ARIzONA, Coconino Co.: 2 mi. east of Ashfork, 
Preece and Turner 2617. 

ARIZONA, Coconino Co.: 1 mi. south of camp- 
grounds at Park Headquarters, Grand Canyon Na- 
tional Park, Jones 800. 

IpAHO, Custer Co.: Highway 93 near Custer- 
Lemhi Co. line, Preece and Turner 2389. 
OrEGoN, Harney Co.: 3 mi. south of Wagontire, 
Ownbey and Preece 3358. 
CoLorapo, Larimer Co.: 2 mi. 
Preece and Turner 2858. 

Co LorApo, Boulder Co.: near summit of Flagstaff 
Mountain, Beaman and Preece 509. 

CoLoraApo, Gunnison Co.: 15.6 mi. west of Gunni- 
son on Highway 50, Preece and Turner 2795. 
WYOMING, Fremont Co.: 16 mi. southeast of Du- 
bois, Beaman and Preece 507. 

Cotorapo, Grand Co.: 4.5 mi. west of Kremmling 
on U.S. Highway 40, Beaman and Preece 513. 
Wyominc, Albany Co.: about 12 mi. southeast of 
Laramie on U.S. Highway 30, Beaman and Preece 
508. 

Urau, Kane Co.: 5 mi. west of Long Valley Junc- 
tion on highways 14 and 89, Preece and Turner 
2462. 

WyYoMING, Teton Co.: on south side of Teton Pass, 
Beaman and Preece 505. 

OrEGON, Wallowa Co.: near shore of Ice Lake, 5 mi. 
southwest of Wallowa Lake, Beaman and Preece 
500. 

Montana, Park Co.: 8 mi. 
Beaman and Preece 501. 
Montana, Park Co.: at Cooke Guard Station, near 
Cooke City, Ownbey. 

Wyominc, Park Co.: near Holm Lodge on Crossed 
Sabre Ranch, 10 mi. east of the east entrance to Yel- 
lowstone National Park, Beaman and Preece 504. 
Cororapo, Park Co.: on Hoosier Ridge, Beaman, 
Weber, and Preece 516. 

Montana, Park Co.: Ram Pasture Mountain, on 
the Wyoming border, southeast of Cooke City, 
Witt 1845. 


west of Bellvue, 


west of Livingston, 


and garden. Polyethylene refrigerator bags were used for shipping living 
plants from the field to the laboratory. 

Studies of microsporogenesis were made using buds collected in the 
field, the greenhouse, or the garden. Buds were fixed in Carnoy’s fluid 
(6 parts absolute alcohol: 3 parts chloroform: 1 part glacial acetic acid) 
for one hour, then transferred to 70 per cent alcohol where they were 
stored at about 10°C. until time of examination. Some buds thus stored 
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have remained in satisfactory condition for eight months. From the 70 
per cent alcohol, individual florets were transferred to a drop of aceto- 
carmine on a slide, macerated with a glass rod, and smeared by the appli- 
cation of considerable pressure to the coverslip. 

Root-tip examinations were made from the primary root of germinating 
seedlings. The technique used for root-tip smear preparations was similar 
to that outlined by Speese and Baldwin (1952) for leaf smears. Root tips 
were first placed in water saturated with paradichlorobenzene for two 
hours, then washed in distilled water and fixed in Carnoy’s fluid (3 parts 
absolute alcohol: 1 part chloroform: 1 part glacial acetic acid). They 
were stored in the fixative for from one day to two weeks. After fixation 
the root tips were hydrolyzed in acid alcohol (1 part concentrated hydro- 
chloric acid: 1 part absolute alcohol) for fifteen minutes. After hydrolyza- 
tion they were returned to Carnoy’s fluid for about fifteen minutes, then 
smeared in aceto-carmine by the method described above. 

Some of the preparations of buds and root tips were made permanent 
by the method described by Sears (1941). 

Iodine-crystal violet smear preparations of anthers and iodine-crystal 
violet sections of buds and root tips were tried, but satisfactory results 
were not obtained. 

The camera lucida drawings of meiotic chromosomes were made at late 
prophase or metaphase. Those of mitotic chromosomes were made at 
metaphase, the only time when they are shortened sufficiently for count- 
ing. All drawings were made under an apochromatic oil-immersion lens 
of N. A. 1.30 and an initial magnification of 1800 times. The magnifica- 
tion of the figures is approximately 900 times. 


OBSERVATIONS 


Chromosome numbers of 2n = 18, 2n=— 27, 2n = 28, 2n = 30, and 
2n — 36 were found in the genus. This pattern of numbers indicates that 
the base number of chromosomes for the genus is nine. This fits well in 
the Astereae, where the base number nine is found also in the related gen- 
era Aster and Erigeron. The apparent exceptions in the regular progres- 
sion of the polyploid series, found in 7’. incana where 2n—=28 and 2n—30, 
will be considered under that species. 

In the discussion of the species, first the diploid, then the polyploid 
taxa are considered. Species in which only root-tip examinations have 
been made are considered last. 

TOWNSENDIA ARIZONICA A. Gray. Two collections of this species were 
studied. Seeds were germinated in December, 1951; and in May, 1952, 
the plants started flowering. Plants in the greenhouse have flowered al- 
most constantly from that time until the present. Several plants of Cul- 
ture 5 developed large fasciations. 

The plants of both collections were self-sterile. Nine bivalents were 
observed at metaphase I (fig. 2), and no irregularities were found in micro- 
sporogenesis. 
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TOWNSENDIA FLORIFER A. Gray. Two collections of this species were 
studied. The plants began flowering about four months after seed germi- 
nation and continued for a period of from two to four months. After that 
time they died. 

The plants were essentially self-sterile, although some viable seeds were 
produced by selfed plants. Nine bivalents were observd at metaphase I 
(fig. 3), and no irregularities were found in microsporogenesis. 


TOWNSENDIA GRANDIFLORA Nutt. Two collections of this species were 
studied. Seeds of Culture 18 were germinated in March, 1952. This species 
requires a longer time to reach maturity than most other species, and 
only one plant has yet flowered. 

Nine bivalents were observed at metaphase I (fig. 4), and no meiotic 
irregularities were found. It is not yet known whether the plants are self- 
fertile or self-sterile. 

Plants of Culture 39 were transplanted from the field. None of these 
have yet flowered. Seeds collected in the field were germinated to supply 
root tips for examination. In this examination, 18 chromosomes were 
observed (fig. 11). 


TOWNSENDIA LEPTOTES (A. Gray) Osterhout. One collection of this 
species was studied. The plants were transplanted from the field. In the 
greenhouse the plants initiated buds, but these did not reach the meiotic 
stage. Buds for examination were obtained from plants grown in the 
garden. 

Nine bivalents were observed at metaphase I (fig. 5), and no meiotic 
irregularities were found. It is not yet known whether the plants are self- 
fertile or self-sterile. 

TOWNSENDIA ANOMALA Heiser. One collection of this species was 
studied. It is from the type locality, the only station from which T. ano- 
mala is known. Young plants were transplanted from the field. Plants in 
the greenhouse became much more elongate than those in their natural 
habitat. This elongation probably resulted from insufficient light, since 
most growth in the greenhouse took place during the winter. A higher- 
than-normal water supply in the greenhouse also may have been partially 
responsible. 

These plants were self-sterile. The study of microporogenesis was made 
from buds collected in the field. Nine bivalents were observed at meta- 
phase I (fig. 1). In a few of the cells examined, chromatin bridges were 
seen after anaphase II. This irregularity probably indicates inversion of 
a chromosome segment. 

TOWNSENDIA MENSANA M. E. Jones. This species was treated by Lar- 
sen (1927) as T. sericea Hook., but that name, as originally defined by 
Hooker, included the type of the earlier Aster exscapus Rich. [=T. ex- 
scapa (Rich.) Porter], and is therefore invalid (Cronquist, unpublished ) 
under Article 65 of the International Code of Botanical Nomenclature. 

Several collections of this species were grown in the greenhouse, but, 
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Fics. 1-8. Meiotic chromosomes of Townsendia. Fic. 1. T.anomala (Culture 33). 
Fic. 2. T. arizonica (Culture 4). Fic. 3. T. florifer (Culture 28). Fic. 4. T. grandi- 
flora (Culture 18). Fic. 5. 7. leptotes (Culture 42). Fic. 6. T. mensana (Culture 38). 
Fic. 7. T. montana (Culture 35). Fic. 8. T. montana (Culture 29). All * 900. 


like T. leptotes, the plants initiated buds which did not mature. One bud 
was obtained from a plant which was cold-treated by being placed out-of- 
doors for about three months during the winter. This bud was collected 
while the plant was being cold treated. 

Numerous meiotic irregularities were found in the material examined; 
univalents were present in a large number of cells, micro-nuclei occurred 
frequently, and chromatin bridges after anaphase I were common. The 
weather conditions to which the material was exposed may have led to 
the meiotic irregularities, and an examination of additional material will 
be necessary before any conclusions can be drawn concerning the fre- 
quency of irregularities in this species. 

Some cells were found in which there were no apparent irregularities, 
and nine bivalents were observed at metaphase I (fig. 6). 

It is not yet known whether the collections at hand are self-sterile or 
self-fertile. 

TOWNSENDIA MONTANA M. E. Jones. Two collections of this species 
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were studied. The plants of Culture 35 (from Teton Mountains) were 
self-sterile. Nine bivalents were observed at metaphase I (fig. 7), and no 
irregularities were found in microsporogenesis. Root-tip material of this 
collection also was examined and 18 chromosomes were observed (fig. 15). 

An examination of microsporogenesis in plants of Culture 29 (from 
Wallowa Mountains) showed that they are tetraploid with 2n — 36 
(fig. 8). Although the chromosomes were frequently clumped, they were 
never found associated as bivalents. In prophase, as early as chromo- 
somes were distinctly visible, only univalents were seen. 

Generally there was only one meiotic division in this material. After 
this division cytokinesis took place, and a diad of microspores resulted. 
The two microspores split apart shortly after cytokinesis. Occasionally 
three nuclei resulted from meiosis, and when this happened one of the 
nuclei was often smaller than the other two. Tetrads of microspores also 
were formed, but they were uncommon. 

Evidence which indicates that these plants are apomictic was obtained. 
This evidence is presented in a later section. 

On several minor morphological characters plants of Culture 29 differ 
from those of Culture 35. Further studies may show that the two collec- 
tions represent separate varieties or species on both cytogenetic and mor- 
phological grounds. 

TOWNSENDIA ParryI Eaton. Three collections of this species were 
studied. Both diploid and tetraploid forms are represented in the col- 
lections. 

Culture 31 was collected when the plants were not in flower and only 
two plants were obtained. These plants were self-sterile. Nine bivalents 
were observed at metaphase I (fig. 9), and no irregularities were found 
in microsporogenesis. 

Cultures 8 and 34 are tetraploid with 2n = 36 (fig. 10). As in tetra- 
ploid 7. montana, the chromosomes were not paired at meiosis. Chromo- 
some clumps also occurred frequently. In contrast to tetraploid T. mon- 
tana, in which the microspores were formed in diads, tetrads of micro- 
spores regularly were formed in 7. Parryi. 

Cultures 8 and 34, like the collections of T. grandiflora, required a 
longer period to reach maturity than most other species. The first heads 
were produced on some plants about eight months after seed germination. 
Other plants of these collections required an even longer period for de- 
velopment. The plants flowered for a period of from two to four months, 
then died. 

Evidence that the two tetraploid collections of this species are apomic- 
tic was obtained and is presented in a later section. 

TOWNSENDIA INCANA Nutt. Two collections of this species were 
studied. Plants of Culture 6 produced their first heads about four months 
after germination. Greenhouse plants which started flowering in March, 
1952, have flowered continuously up to the present. Meiosis in this cul- 
ture was found so irregular that no pollen-mother-cell chromosome count 
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was made. As many as nine bivalents were seen in some cells, but in addi- 
tion there were univalents and chromosome clumps which could not be 
analyzed. 

In an examination of root tips, the chromosome count 2n=28 (fig. 12) 
was obtained. This number is at variance with what would be expected 
in a polyploid series with a base number of nine, and it is likely that the 
collection represents a group of plants which are triploid with one extra 
chromosome. Evidence to support this hypothesis is outlined as follows: 
1. The taxon is very similar morphologically to other taxa in the genus which have 

a base number of nine. It is especially close to 7. arizonica. 

2. Another triploid collection has been found in the genus. 

3. Both bivalents (nine were seen in one cell) and univalents are found in the same 
pollen mother cell. 

4. Evidence that the plants are apomictic was obtained. 

5. In apomicts the abnormal chromosome complement would offer no difficulties 
in reproduction. 

If the plants are of triploid constitution, it is also likely that they are 
alloploids. Evidence for alloploidy is found in the mitotic karyotype 
(fig. 12) where two chromosomes are conspicuously shorter than the 
others. These two chromosomes probably represent an homologous pair 
from two similar genomes. The absence of a third short chromosome sug- 
gests that the third genome is different from the other two and has been 
introduced through hybridization. 

Culture 37 of T. incana was transplanted from the field. A study of 
microsporogenesis was made from buds collected both in the field and in 
the greenhouse. However, no accurate chromosome count was obtained 
because of chromosome clumping. As in the tetraploid T. montana and 
T. Parryi collections, there was no indication of chromosome pairing. 
Although asynapsis appeared complete, chromatin bridges were observed 
after both anaphases I and II. Formation of bridges suggests that at least 
partial synapsis must occur. Further study is necessary for a more com- 
plete understanding. 


In an examination of root tips, the chromosome count 2n = 30 (fig. 13) 
was obtained. This number, like 2n = 28, does not fit in a polyploid series 
based on nine. It is likely that the plants are triploid plus three extra 
chromosomes. 

In contrast to Culture 6, plants of Culture 37 cannot readily be consid- 
ered alloploids. In the karyotype of this collection (fig. 13), three very 
short chromosomes are apparent. These short chromosomes could indicate 
three similar genomes (autoploidy), or one of them could be a duplicated 
chromosome. If the latter is the case, alloploidy is still possible. 

An interesting feature about plants of Culture 37 is that they produced 
no pollen. A fairly large number of microspores were found in the anthers 
shortly after the tetrads had broken apart. At later stages fewer and fewer 
microspores or pollen grains were found. By the time of anthesis, no pollen 
was observed, and the anthers had started drying up. 
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Fics. 9-10. Meiotic chromosomes of Townsendia. Fic. 9. T. Parryi (Culture 31). 
Fic. 10. 7. Parryi (Culture 8). All < 900. 

Fics. 11-17. Mitotic chromosomes of Townsendia. Fic. 11. T. grandiflora (Cul- 
ture 39). Fic. 12. T.incana (Culture 6). Fic. 13. T.incana (Culture 37). Fic. 14. 
T. minima (Culture 3). Fic. 15. T. montana (Culture 35). Fic. 16. T. exscapa (Cul- 
ture 46). Fic. 17. T. Rothrockii (Culture 44). All x 900. 


Evidence indicating that the plants of the two collections of T. incana 
are apomictic is presented in a later section. 

TOWNSENDIA MINIMA Eastwood. One collection of this species was 
studied. These plants, like those of 7. /eptotes and T. mensana, initiated 
buds which did not mature. A three-months cold treatment during the 
winter was used to induce flowering. 

In an examination of microsporogenesis, meiosis was found so irregu- 
lar that no chromosome count could be made. Most of the chromosomes 
were badly clumped, but in some pollen mother cells bivalents and uni- 
valents were seen. In an examination of root tips it was found that the 
plants are triploid with 2n = 27 (fig. 14). 

Evidence indicating that the plants of this collection are apomictic is 
presented in a later section. 
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OTHER SPECIES STUDIED. In the following species, no buds were avail- 
able for studies of microsporogenesis, and chromosome counts were made 
from root-tip preparations. These species with their culture number and 
chromosome number are: Townsendia exscapa (Rich.) Porter, Culture 
46, 2n = 18 (fig. 16); Townsendia Rothrocku A. Gray, Culture 44, 2n = 
36 (fig. 17); and Townsendia spathulata Nutt., Culture 47, 2n = 36 (?). 
A further study of these species is planned when buds become available. 


APOMIXIS 


Heiser (1948) first suggested the possibility of apomixis in Townsendia. 
In examining herbarium specimens of 7. scapigera, he noted two very dif- 
ferent population complexes in California. He found that specimens from 
Inyo County were dwarf plants, while those from the Sweetwater Moun- 
tains were large. In this connection, he stated: ““Examination of the pol- 
len of the latter [Sweetwater Mountains] specimens revealed a high per- 
centage of empty grains, as well as the presence of both 3- and 4-pored 
grains similar to those found in many apomictic species.”’ 

During the course of the present study, apomixis was first suspected 
to be one of the mechanisms of reproduction in Townsendia when study 
of microsporogenesis in tetraploid 7. Parryi (Culture 8) showed the 
chromosomes to be completely asynaptic; that is, only univalents were 
found at meiosis. Plants of this culture were found to produce large quan- 
tities of viable seeds even after cross-pollination was prevented. Because 
of the asynaptic condition it was concluded that these seeds were pro- 
duced apomictically rather than as a result of fertilization. Diploid plants 
with regular pairing produced few or no seeds when cross-pollination was 
prevented. Thus in Townsendia, production of many viable seeds by 
non-cross-pollinated plants may be considered to suggest apomixis in 
those plants. 

Since the first observation of asynapsis in T. Parryi, partial or com- 
plete asynapsis has been found in plants of six other collections. These 
collections are: T. incana, Culture 6; T. incana, Culture 37; T. mensana, 
Culture 38; 7. minima, Culture 3; T. montana, Culture 29; and T. Parryi, 
Culture 34. With the exception of 7°. mensana (which has not been tested ) 
non-cross-pollinated plants of these collections produced viable seeds. It 
also was found that these plants produce a uniform progeny. The pres- 
ence of asynapsis, the production of viable seeds without cross-pollina- 
tion, and the production of a uniform progeny strongly suggest apomixis 
in these collections. 

Further evidence for apomixis in two collections (7. Parryi, Culture 8 
and T. incana, Culture 6) was obtained by means of a rather simple ex- 
periment. Heads were treated by removing the corolla, stamens, and style 
from each disk floret. The ray florets likewise had the corollas and styles 
removed. This treatment was made before pollen in any of the florets had 
turned yellow. Development of the achenes was apparently normal in 
spite of the treatment, and there was a high percentage of viability of the 
seeds. 
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In order to correlate pollen quality with apomixis and sexuality in the 
genus, a study of the pollen of several apomicts and several sexual species 
was made. In Table 2 the quality of pollen from one plant of each of these 
cultures is shown. The pollen quality in the apomicts is very low in com- 
parison to that of the sexual species and provides additional evidence that 
seed formation in some species of the genus must be possible without fer- 
tilization. 

Five lines of evidence indicating apomixis in Townsendia may be sum- 
marized as follows: 

Asynapsis. 

Production of many viable seeds by non-cross-pollinated plants. 
Production of a uniform progeny. 

Seed development in spite of removal of stamens and styles from florets. 
Low pollen quality. 


mn BW bw 


During the study of pollen quality, it was observed that the pollen- 
grain size for each species was relatively constant. Diameter measure- 
ments of fresh pollen grains were therefore made. Twenty-five good (as 
defined in Table 2) pollen grains from one plant of each species were 


TABLE 2. COMPARISON OF POLLEN QUALITY AND SIZE OF SOME APOMICTS 
AND SEXUAL SPECIES. 


Mean diam. 
No. of No. of Per cent of good* 
grains good* of good* grains in Standard 
Taxon Culture counted grains grains microns deviation 
Apomictic 
T.incana 6 358 45 1226 48.1 tem S 
T.incana 37. no pollensproduced | 41.2220) i ee 
T. minima 3 379 69 1322 38.9 rau (0 be) 
T. montana 29 329 4 2 43.1 Se a0) 
T. Parryi 8 3512 225 63.9 46.0 ausk/2-) 
Sexual 
T.anomala 33 466 458 98.3 23.6 ats 
T. arizonica 5 376 368 97.9 28.9 ses 
T. florifer 1 S42 359 96.5 26:7 st 1k5 
T. leptotes 42 393 Sil 95.9 26.5 + 0.9 
T. mensana 38 484 412 85.1 235 tall 2 
T. montana 35 348 B32 95.4 25.8 tel al 
LP arryz $1 387 384 99.2 26.3 aus iN) 


* Tf a nucleus, or nuclei, could be seen in a grain after it was stained for one 
hour in aceto-carmine, it was considered good. 
+ See under discussion of 7. zncana, Culture 37. 


measured. The spicules were not included in the measurements. An ocular 
micrometer and 900 times magnification were used for measuring. The 
mean diameter and standard deviation in microns of the pollen grains of 
each species studied are given in Table 2. 

The tabulations of pollen quality and size show some very striking di‘- 
ferences between the apomicts and the sexual species. The knowledge of 
these differences should be useful in subsequent studies when it may be 
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TABLE 3. COMPARISON OF POLLEN QUALITY OF Hysrips WITH THAT OF THE PARENTS 


No. of grains No. of good* Per cent of 


Taxon counted grains good* grains 
T. arizonica < T. florifer 685 360 52.6 
T. florifer « T. arizonica 664 223 33.6 
T. arizonica 376 368 97.9 
T. florifer SY) 359 96.5 


* If a nucleus, or nuclei, could be seen in a grain after it was stained for one hour 
in aceto-carmine, it was considered good. 


necessary to distinguish between apomictic and sexual plants on the basis 
of pollen from herbarium specimens. 

A study of the embryology of Townsendia should be very helpful in 
understanding apomixis in the genus. No work along this line has been 
attempted, but embryological studies are planned as a future project. 


INTERSPECIFIC HYBRIDIZATION 


Cross pollinations have been made among several diploid, self-sterile 
species, but this work is only in its preliminary stages. Extensive crossing, 
involving sexual species and the apomicts as well, is planned as a future 
project. Hybridization experiments should yield information concerning 
apomixis, natural relationships, and evolution within the genus. 

Small quantities of apparently viable seeds were obtained from the 
crosses listed below and their reciprocals: 

T. anomala (Culture 33) * T. arizonica (Culture 5) 

T. anomala (Culture 33) * JT. montana (Culture 35) 

T. arizonica (Culture 5) & T. florifer (Culture 1) 

T. arizonica (Culture 5) & T. montana (Culture 35) 

1. anzonica (Culture 5) x T. Parry: (Culture 31) 

T. florifer (Culture 1) & T. montana (Culture 35) 

Ty florifer-( Culture 1) >< 7. Parrys (Culture 31) 

i montana (Culture 35) x FP. Parrye (Culture 31). 

One hybrid plant, 7. arizonica & T. florifer, and one plant of the recip- 
rocal were grown to maturity. The two plants were similar morphologi- 
cally and intermediate between the parents. 

Study of meiosis in the hybrids revealed no irregularities. Chromosome 
pairing was apparently as regular in them as in the parents. In contrast 
to this lack of difference at meiosis, an examination of pollen of the hy- 
brids and the parents revealed a very significant difference in their pollen 
qualities. This difference is shown in Table 3. 


SUMMARY 


Cytogenetic studies were made in thirteen species of Townsendia, rep- 
resented by twenty collections. Chromosome counts were obtained from 
studies of microsporogenesis and from examination of root tips. The 
chromosome numbers 2n = 18, 2n = 27, 2n = 28. 2n = 30, and 2n — 36 
were found in the genus. It is concluded that the base number is nine. 
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In the diploid collections, which are self-sterile, meiosis is usually reg- 
ular, with nine bivalents at metaphase I, and pollen quality is high. In 
four polyploids, meiosis is irregular with univalent formation up to com- 
plete asynapsis, chromatin bridges, and the occurrence of only one meiotic 
division in microsporogenesis. These polyploids were found to be apo- 
mictic. Characteristically they form unreduced pollen through failure of 
Synapsis and may be detected by their poor pollen quality and ability to 
set seed without cross pollination. Removal of stamens and styles from 
florets at an early stage did not prevent production of viable seeds. The 
pollen grains of the polyploids are distinctly larger than those of the 
diploids. 

Hybrid seeds were obtained from cross pollination of several diploid, 
self-sterile species. One hybrid plant, T. arizonica & T. florifer, and one 
plant of the reciprocal were grown to maturity. Chromosome pairing was 
found as regular in the hybrids as in the parents, but hybrid pollen qual- 
ity was low. 


Department of Botany, 
State College of Washington, Pullman. 
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BRYOPHYTA OF SANTA CATALINA ISLAND, CALIFORNIA 


WILLIAM C. STEERE 


Like most insular floras, that of Santa Catalina Island has attracted a 
large amount of botanical attention which, of course, has been stimulated 
by the high degree of endemism there. The comprehensive survey of the 
flora by Millspaugh and Nuttall (1923) covers all groups of plants, in- 
cluding the Bryophyta, and reviews the older literature. A more recent 
paper by Sayre (1940) lists the mosses collected by T. D. A. Cockerell 
(1938) on Santa Catalina Island, as well as on other islands off the coast 
of California. Some of the records cited by Millspaugh and Nuttall, as 
well as new collections, are included in the standard manuals of Ameri- 
can mosses and hepatics (Grout, 1928-1940; Frye and Clark, 1937-1948 ) 
and by Koch (1950) in his check-list of the mosses of the state of Cali- 
fornia. In these several works we find eight species of Hepaticae and 
approximately thirty species of Musci reported definitely from Santa 
Catalina Island. 

During the annual field meeting held jointly by the California Botani- 
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cal Society and the Southern California Botanists, the present author had 
the opportunity to visit Santa Catalina Island, May 1-3, 1953, and to 
collect bryophytes intensively in the vicinity of White’s Landing, some 
five miles north of Avalon. Excellent habitats for mosses and hepatics 
occur on the rocky headland at the Landing, in the open, pastured valley 
behind it, and especially in the deep, precipitous, shaded canyons opening 
into the valley. About sixty species of bryophytes were brought back 
from this relatively small area, thereby nearly doubling the previously 
known bryophytic flora of the island. Of the eight species of Hepaticae 
reported by Millspaugh and Nuttall (1923), five were recollected, and 
five more can now be added as new to the island. Ten of the some thirty 
species of Musci reported from the island by various authors were not 
found again in the limited area studied, but twenty-eight other species 
not previously known were discovered. Since our knowledge of the bryo- 
phytes of Santa Catalina Island has been extended rather considerably 
through the activities of the California Botanical Society, it would seem 
appropriate to submit here a brief review of the previous reports and a 
list of the 1953 collections. 

The discovery of nearly sixty species of bryophytes in a relatively 
small part of a large island in so short a time indicates that a careful 
survey of the whole island during a more favorable season would be very 
rewarding, and that the bryophyte flora must be much richer than realized 
formerly. Furthermore, there is a strong possibility that endemic species 
will be found. The first week in May was obviously too late in the season 
for the collection of bryophytes, in their best condition either in terms of 
morphology or of visibility. Because of the long drought, the plants in 
exposed habitats were completely dried out, very inconspicuous, and many 
of them had died. February, March, and even April would undoubtedly 
be better months for field studies of bryophytes, since at that season the 
sporophytes would be mature, yet many ephemeral species that disappear 
later might still be in evidence. Nevertheless, the 1953 collections not only 
increased substantially the known bryophyte flora of Santa Catalina 
Island but also resulted in the first records for California of two species, 
one of which is a Mexican Riccia previously unknown in the United 
States. Several of the species are so rare that the present material repre- 
sents the first or second rediscovery since the original collection upon 
which the species was based. In their geographical distribution in Cali- 
fornia, the species fall into several categories. The largest floristic group 
consists of widely distributed, sometimes almost weedy species of drier 
habitats. More interesting elements are the species of very restricted dis- 
tribution in the mountains of southern California, and those otherwise 
known only as far south as Marin or Monterey counties that now appear 
to have a very disjunct distribution in the state. Extensive collection of 
bryophytes on Santa Catalina Island is almost certain to result in the 
discovery of endemic species, and of a close correlation between the types 
of distribution of bryophytes and of flowering plants. 
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The following list contains all Bryophyta known definitely to occur on 
Santa Catalina Island. With few exceptions the names follow the most 
recent manuals (Grout, 1928-1940; Frye and Clark, 1937-1940). Species 
new to the flora of the island are indicated with an asterisk (*). The 
specimens upon which this report is based are deposited in the Dudley 
Herbarium of Stanford University. 


HEPATICAE 


PORELLACEAE 


*PORELLA BOLANDERI (Aust.) Pears. On shaded rock-face above stream 
in deep canyon. This collection appears to represent the southernmost 
locality known for the species. 


FRULLANIACEAE 


FRULLANIA CATALINAE Evans. Not uncommon on shaded rock-faces 
and on the trunks of trees in canyons, at higher altitudes; with abundant 
perianths. This species, described by Evans (1897) from material col- 
lected Sept. 8, 1893, “on rocks in a canon,” does not seem to have been 
found subsequently until recollected in 1953. Recently, it has been re- 
duced to the status of a synonym of F. inflata Gottsche (Clark and Svihla, 
1944; Frye and Clark, 1947). On the basis of the present observations. 
however, F. catalinae appears to be adequately distinctive, even in the 
field, especially because of its conspicuously squarrose leaves, one of the 
characteristics emphasized by Evans. 


FOSSOMBRONIACEAE 


*FOSSOMBRONIA HISPIDISSIMA Steph. On shaded soil, rocky headland 
near shore; with sporophytes. The gametophytes of this hepatic die after 
the onset of the dry season and become conspicuously white. The setae 
in these specimens had not elongated at all and the capsules remained 
wrapped in the pseudoperianth and the apical leaves of the plant; the 
spores could escape only through the wearing away of the dead leaves 
and the dehiscence of the capsule wall. Perhaps in unusually rainy or 
fogey years the seta elongates in a normal fashion. However, it is inter- 
esting that this usually mesophytic hepatic can adjust itself successfully 
to reproduction under xeric conditions. 

FOSSOMBRONIA LONGISETA Aust. This species, not recollected in 1953, 
was reported by Millspaugh and Nuttall, but their report may really rep- 
resent the preceding species, already the source of some confusion 
(Evans, 1923). 

REBOULIACEAE 


ASTERELLA CALIFORNICA (Hampe) Underw. This species is relatively 
abundant on shaded soil and rocks in many places investigated; with 
archegoniophores and spores. Reported by Millspaugh and Nuttall. 

ASTERELLA PALMERI (Aust.) Underw. Reported from Cottonwood 
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Canyon by Millspaugh and Nuttall, but not found in the vicinity of 
White’s Landing in 1953. 
TARGIONIACEAE 

TARGIONIA HYPOPHYLLIA L. Found in all parts of the area studied, usu- 
ally on steep shaded banks; with involucres. A common hepatic, widely 
distributed through the drier and warmer parts of the world; reported 
by Millspaugh and Nuttall. 

RICCIACEAE 


RICCIA CRYSTALLINA L. (R. catalinae Underw.). Reported by Muills- 
paugh and Nuttall on the basis of R. catalinae, whose original description 
gives no details of locality; not found in 1953. 

*RICCIA NIGRELLA DC. The most common and abundant species on 
exposed soil on the headland at White’s Landing; easily recognized in the 
field by the glossy, purple-black scales that become especially conspicu- 
ous as the plants dry out; identification confirmed by Dr. Ronald L. 
McGregor. 

*RICCIA SOROCARPA Bisch. In very small quantity on exposed soil, 
rocky headland at White’s Landing; identified by Dr. Ronald L. Mc- 
Gregor. 

RICCIA TRICHOCARPA Howe. Kingman’s collection of this hepatic at 
Avalon was reported by himself (1911) and by Millspaugh and Nuttall. 
Abundant on the rocky headland at White’s Landing, it becomes con- 
spicuous from the long white hairs that clothe the margins of the plants 
as well as the upper surface of the thallus over the sunken sporophytes. 

*RICCIA VIOLACEA Howe. Found only in small quantity on the rocky 
headland at White’s Landing, on exposed soil. This essentially tropical 
species (cf. Howe, 1923), not reported earlier from the United States, is 
not included in ““The Hepaticae of North America” (Frye and Clark, 
1937-1948). It was recognized, however, because of some collections 
made the preceding year in Baja California, Mexico: on the mainland in 
a deep arroyo several miles south of Puerto de Bahia de los Muertos 
(Steere 17562, April 2, 1952) and on Ceralbo Island, in the Gulf of Cali- 
fornia, in a large arroyo on the west side (Steere 17563, 17567, April 4, 
1952). Dr. Ronald L. McGregor very kindly identified the Mexican 
collections and confirmed the present one. 


ANTHOCEROTACEAE 


ANTHOCEROS PEARSONI Howe. Reported without locality data by 
Kingman (1911) and by Millspaugh and Nuttall. Small fragments of 
some species of Anthoceros, collected on the steep bank of a deep canyon 
in 1953, were inadequate for identification. 


MUSCI 


FISSIDENTACEAE 
FISSIDENS LIMBATUS Sull. Very common and abundant in moist shaded 
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habitats from sea level upwards; with sporophytes. Previously reported 
by Millspaugh and Nuttall. 


DITRICHACEAE 


CERATODON PURPUREUS (Hedw.) Brid. On soil over rock, steep bank; 
with sporophytes. A cosmopolitan weed whose absence from the island 
would be more noticeable than its presence; reported by Sayre. 


DICRANACEAE 


ANISOTHECIUM VARIUM (Hedw.) Mitt. Not uncommon on moist silt 
banks near small stream in deep canyon; with sporophytes. Reported 
(as Dicranella varia) by Millspaugh and Nuttall. 


ENCALYPTACEAE 


*ENCALYPTA VULGARIS Hedw. var. MuTICA Brid. This moss, common 
and widely distributed elsewhere in California, was collected in small 
quantity and in sterile condition on moist silt near the stream in a deep 
canyon. 

POTTIACEAE 


ALOINA AMBIGUA (BSG). Limpr. Abundant on rather exposed silt 
banks in deep canyon; with sporophytes. Previously reported from the 
same area by Millspaugh and Nuttall. 

*ALOINA RIGIDA (Hedw.) Kindb. var. PILIFERA (BSG.) Limpr. On 
exposed soil, summit of rocky headland at White’s Landing; rather abun- 
dant and with sporophytes. 

* ANOECTANGIUM OBTUSIFOLIUM (Broth. & Paris) Grout. On vertical 
silt bank near small stream, upper reaches of canyon at perhaps 1000 feet 
altitude; sterile. This species is new not only to Santa Catalina Island but 
also to California. Its previously known geographical range comprises 
Texas, Arizona, and Mexico. 

*BARBULA BRACHYPHYLLA Sull. On soil, steep bank in deep canyon; 
with sporophytes. This is a Californian species of restricted distribution. 

* BARBULA CONVOLUTA Hedw. On moist soil near water, in deep shaded 
canyon; one small collection without sporophytes. 

BARBULA CYLINDRICA (Tayl.) Tayl. On moist soil, steep bank in can- 
yon; not rare but less abundant than the following species; with sporo- 
phytes. Reported (as B. subfallax) by Millspaugh and Nuttall. 

BARBULA VINEALIS Brid. A common and almost weedy species in all 
the places visited (and in most of California); with sporophytes in sev- 
eral stages of development. Reported by Millspaugh and Nuttall from a 
Kingman collection, without locality. Probably most of the collections 
of B. artocarpa reported by the same authors belong here (Steere, 1939), 
although some of the collections may possibly represent B. brachyphylla. 

DESMATODON coNvoLUTUS (Brid.) Grout. Abundant on soil, rocky 
headland at White’s Landing; with sporophytes. Reported by Millspaugh 
and Nuttall (as Tortula atrovirens). 
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DESMATODON GUEPINI BSG. Reported by Millspaugh and Nuttall, but 
not found in 1953. 

DESMATODON HENDERSONI (Ren. & Card.) Williams. Abundant on 
moist to wet soil on vertical banks near small stream, in deep canyon; 
only rarely with a few sporophytes. The complete description and excel- 
lent illustration of this species by Williams in the comprehensive work 
of Millspaugh and Nuttall, escaped the notice of bryologists almost com- 
pletely and were overlooked even by Grout (1939) in the latest mono- 
graph of the American species of Desmatodon. A careful study of the 
present collections has led to the conclusion that much of the material 
from the southwestern United States identified as Didvmodon tophaceus 
really belongs to the present species. For several years it has been realized 
that much of the so-called Didymodon tophaceus of California does not 
agree with European or with eastern North American material, and that, 
moreover, it differs markedly in the structure of the leaf midrib, in its 
darker color, the more revolute leaf margins, and in the smaller amount 
of carbonate deposition. The problem has been complicated by the state- 
ment of Conard (1945) to the effect that Didvmodon tophaceus is the 
only one of several very similar and commonly confused species that pos- 
sesses hyaline and decurrent alar cells. Since Desmatodon hendersoni 
presents the same condition, as well as other features of resemblance, some 
confusion has very naturally resulted between the two species. A careful 
reexamination of a series of specimens from the Southwest now identified 
as Didymodon tophaceus is expected to result in a very considerable ex- 
tension of the geographic range of the present species, at the moment 
known with certainty only from the Pacific Coast states. 

DIDYMODON TOPHACEUS (Brid.) Jur. Kingman’s collection of this 
species, ‘“‘Near a calcareous spring,” was reported by himself (1912) and 
by Millspaugh and Nuttall. Several collections made in 1953 were so 
identified in the field, but on careful study later they all turned out to be 
Desmatodon hendersoni as indicated in the discussion of that species. 
An investigation of the whole problem is now under way. 

*EUCLADIUM VERTICILLATUM (Brid.) BSG. Locally abundant on rock 
and thin soil over rocks in cascades of a small stream, in a deep shaded 
canyon. Common in wet calcareous habitats in California. 

*PHASCUM HYALINOTRICHUM Card. & Thér. A few plants with sporo- 
phytes of this distinctive and interesting moss which is nearly micro- 
scopic in size were collected with specimens of Fossombronia his pidis- 
sima quite by accident as they had been confused in the field with Bryum 
argenteum. This appears to be only the third known collection of a species 
restricted so far to southern California. Of course, the minute size pre- 
vents its discovery, but careful search specifically for this moss during 
its growing season would undoubtedly result in the finding of many popu- 
lations over a much wider area. 

*POTTIA ARIZONICA Wareham. Very abundant in pastured valley bot- 
tom behind White’s Landing; not in good condition as the capsules had 
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dried up before full maturation and were still mostly operculate. 

*POTTIA BRYOIDES (Dicks.) Mitt. A few scattered plants of this dis- 
tinctive species were found on bare soil on top of the rocky headland at 
White’s Landing; with sporophytes. 

TIMMIELLA VANCOUVERIENSIS Broth. Not uncommon on steep, shaded 
slopes and on the pastured valley bottom in full sun; sterile. Previously 
reported by Sayre (1940) as 7. anomala, a species that may not occur 
in California (cf. Koch, 1950). 

*TORTULA BOLANDERI (Lesq.) Broth. Abundant on moist shaded ver- 
tical soil banks near the stream in a deep canyon, at middle altitudes; 
with sporophytes. These specimens and a collection from San Diego 
(Steere 17503, March 24, 1952) extend the known range of the species 
considerably southward, from Monterey County. 

*TORTULA BREVIPES (Lesq.) Broth. Common and abundant on rocky 
headland at White’s Landing and in pastured valley bottom; with sporo- 
phytes. 

*TORTULA CALIFORNICA Bartram. This collection represents the first 
rediscovery of a handsome and well-marked species since the collection 
of the type specimen in Riverside County (Bartram, 1945). It grew in 
small quantity on a moist vertical silt bank above the stream, in a deep 
canyon; with sporophytes. 

TORTULA INTERMEDIA (Brid.) Brid. Rather abundant on shaded rock 
faces in deep canyon; with sporophytes. Reported by Millspaugh and 
Nuttall, as 7. montana. 

*TORTULA LAEVIPILA (Brid.) Schwaegr. On inclined tree-trunk, about 
six feet from the ground, in rather open forest, at middle altitudes; sterile. 

TRICHOSTOMOPSIS BREVIFOLIA Bartram. On exposed soil, rocky head- 
land at White’s Landing; with few sporophytes. Koch (1950) reported 
this species from Santa Catalina Island from a Millspaugh collection 
(4730 in part). In the Millspaugh and Nuttall list this specimen, collected 
at Avalon Run, is included under Barbula artocarpa, a badly misunder- 
stood species. 

*TRICHOSTOMOPSIS FAYAE Grout. Abundant on exposed silt in open 
pastured valley bottom behind White’s Landing, and conspicuous for its 
perfectly black color, in contrast to the various shades of brown of the 
associated mosses. 

*WEISSIA VIRIDULA Hedw. Not at all common; one colony of this cus- 
tomarily weedy species was found on soil at the shaded face of a large 
boulder, associated with Asterella californica; sterile. 


GRIMMIACEAE 


*GRIMMIA PULVINATA (Hedw.) Smith. On vertical rock, headland at 
White’s Landing; a sterile, reduced form. 

GRIMMIA TRICHOPHYLLA Grev. Not uncommon and locally abundant 
in several places on shaded rock-faces in deep canyons; with sporophytes. 
Reported from this area by Millspaugh and Nuttall; also by Sayre (1940). 
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FUNARIACEAE 


FUNARIA HYGROMETRICA Hedw. Abundant in pastured valley bottom; 
with sporophytes. A truly weedy species all over the world. Reported by 
Millspaugh and Nuttall. 

FUNARIA MUHLENBERGII Turn. On moist steep silt banks above stream 
in deep canyon; locally abundant, with sporophytes in several stages of 
development. Previously reported by Millspaugh and Nuttall. 


BRYACEAE 


BRYUM ARGENTEUM Hedw. var. LANATUM (Brid.) BSG. Not common, 
on rocky headland, White’s Landing; with sporophytes. Although a truly 
cosmopolitan weed, this moss was not found in abundance. Reported by 
Millspaugh and Nuttall. 

BRYUM BICOLOR Dicks. On exposed silt in pastured valley bottom; 
with sporophytes. Reported by Millspaugh and Nuttall as B. califor- 
nicum. 

*BRYUM CANARIENSE Brid. On moist soil, steep bank above small 
stream, in deep canyon; with sporophytes. 

BRYUM CAPILLARE Hedw. A variable species, abundant in many forms, 
on soil and rock-faces; with sporophytes. Reported by Kingman (1912) 
under the name, B. obconicum, and by Millspaugh and Nuttall as B. 
torquescens. 

BRYUM CUSPIDATUM (BSG.) Schimp. Common on soil, from shaded 
moist slopes of deep canyons to open insolated valley bottoms; with 
sporophytes. Reported by Millspaugh and Nuttall as B. intermedium. 


BARTRAMIACEAE 


* ANACOLIA MENZIESII (Turn.) Paris var. BAUERI (Hampe) Paris. In 
local abundance at White’s Landing, on headland, and on shaded bank 
in deep canyon at some altitude; at the second locality with sporophytes. 
The moisture requirements of this species are such that fog must occur 
reasonably commonly in the places where it is found. 


ORTHOTRICHACEAE 


ORTHOTRICHUM CYLINDROCARPUM Lesq. Reported by Millspaugh and 
Nuttall from Bulrush Canyon, but not found in 1953. 

ORTHOTRICHUM LYELLII Hook. & Tayl. Reported by Millspaugh and 
Nuttall but not found in 1953 in the White’s Landing area. 

*ORTHOTRICHUM TENELLUM Bruch. Common and occasionally abun- 
dant on the trunks and branches of trees in open forest in the upper 
reaches of a deep canyon; with sporophytes. The report of O. cylindrocar- 
pum from Santa Catalina Island may be based on this species. 


CRYPHAEACEAE 


ALSIA CALIFORNICA (Hook. & Arn.) Sull. Reported by Millspaugh and 
Nuttall, but not seen in 1953. 
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LEUCODONTACEAE 

ANTITRICHIA CALIFORNICA Sull. Reported by Millspaugh and Nuttall, 
but not found in 1953 in the White’s Landing areas. 

*BESTIA BREWERIANA (Lesq.) Grout. On base of tree in shade, in deep 
narrow canyon. This seems to be an extension of range southward from 
Monterey County; sterile. 

*BESTIA BREVIPES (Sull. & Lesq.) Broth. On shaded rock-face above 
stream, in deep canyon; sterile. This is not a common species anywhere 
(cf. Koch: 1950). 

*“PTEROGONIUM GRACILE (Hedw.) BSG. On shaded rock-face in deep 
canyon, in considerable quantity but sterile. A common and widely dis- 
tributed species in the state. 

THUIDIACEAE 

CLAOPODIUM WHIPPLEANUM (Sull.) Ren. & Card. Reported by Mills- 
paugh and Nuttall but not found in 1953, even though it is a very com- 
mon species almost throughout California. 

HAPLOCLADIUM MICROPHYLLUM (Hedw.) Broth. Reported by Sayre 
(1940), as Thuidium microphyllum; not represented in the 1953 col- 
lections. 

AMBLYSTEGIACEAE 

*AMBLYSTEGIUM COMPACTUM (C. Mull.) Grout. On moist soil below 
cascade of small stream in deep canyon; sterile. This collection estab- 
lishes an interesting disjunction, as the species is otherwise known in 
California from the northern part. 


BRACHYTHECIACEAE 

CAMPTOTHECIUM AENEUM (Mitt.) Jaeg. & Sauerb. var. DOLOSUM 
(Ren. & Card.) Grout. On shaded rock-face near stream, deep canyon; 
with sporophytes. Reported by Millspaugh and Nuttall as C. dolosum. 

*CAMPTOTHECIUM ALSIOIDES Kindb. On soil at base of tree in deep 
shaded canyon; with sporophytes. This is a considerable extension south- 
ward of the geographical range of a species described from Marin County 
and otherwise still known only from northern California. 

*CAMPTOTHECIUM PINNATIFIDUM (Sull. & Lesq.) Jaeg. & Sauerb. On 
moist shaded soil in deep canyon; sterile. This is a common and widely 
distributed species in California, usually on rock. 

CAMPTOTHECIUM ARENARIUM (Lesq.) Jaeg. & Sauerb. Reported by 
Millspaugh and Nuttall, but not found in 1953. 

EURHYNCHIUM PULCHELLUM (Hedw.) Jenn. and R. PULCHELLUM 
var. SCABRISETUM Grout. These were reported by Sayre (1940) from col- 
lections made by Cockerell. In view of the generally northern and mon- 
tane distribution of the species and the eastern range of the variety, it is 
possible that these reports are based on Scleropodium illecebrum, a re- 
markably variable species that produces forms parallel to those of E. 
pulchellum. Attempts to obtain material of these collections for further 
study have been unsuccessful. 
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*HOMALOTHECIUM NUTTALLI (Wils.) Grout. Abundant on the base 
of a tree in open forest in the upper reaches of a large canyon; with sporo- 
phytes. A very common Pacific Coast species. 

*SCLEROPODIUM CAESPITOSUM (Wils.) BSG. On shaded soil in deep 
canyon; sterile. A common Californian species. 

SCLEROPODIUM CALIFORNICUM (Lesq.) Ren. & Card. On soil over rock 
in deep canyon; sterile. Reported from the same area by Millspaugh and 
Nuttall. 

*SCLEROPODIUM COLPOPHYLLUM (Sull.) Grout. On soil, steep bank 
above stream, deep canyon; sterile. A variable species that may represent 
only an extreme form of one of the others listed here. 

SCLEROPODIUM ILLECEBRUM (Schwaegr.) BSG. Very abundant on 
shaded vertical rock-faces in deep canyon; with sporophytes. This ma- 
terial is of more than casual interest because it differs from all other forms 
of the species known to the author through the presence of numerous 
spines on the back of the costa, at and near its apex, arranged in a pecti- 
nate fashion. However, it is hardly necessary to give nomenclatural rec- 
ognition to this race, in view of the fundamental variability of the basic 
species. Reported by Millspaugh and Nuttall as ‘“‘One of the commoner 
mosses of the island’’; also listed by Sayre (1940). 


Stanford University, 
Stanford, California. 
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JOSEPH PRINCE TRACY 
1879-1953 


It is with a deep sense of loss that the attention of the botanical public 
is called to the death of Joseph P. Tracy which occurred, after a long 
illness, in Eureka, California, on November 26, 1953. 

To the efforts of no other indi- 
vidual are we so beholden as we 
are to his for the knowledge of the 
flora of the northwestern counties, 
particularly Humboldt, which is 
now at our command. Although 
he left no legacy of publications 
on that flora, his large collection 
of specimens, which comprised a 
private herbarium kept at his 
home in Eureka and which he be- 
queathed to the Herbarium of the 
University of California, bears 
eloquent testimony to his devo- 
tion to his chosen field. The bo- 


left to the University indicates the 
thoroughness and scholarliness of 
his approach to the problems of 
the evaluation of taxa and the 
identification of specimens, al- 
ways with due regard for the views 
of monographers. He corresponded with botanical specialists and, when 
his own efforts did not satisfy him, he submitted many of his critical speci- 
mens to them for their expert opinions. Mr. Tracy’s field work extended 
over the last fifty years of his life, during which period he presented to 
both the Jepson and the University herbaria, but mostly to the latter, 
some thirty thousand of his duplicates. Many of these were distributed 
to herbaria throughout the world where they now reside as valued acces- 
sions. More than a few of his specimens have formed the basis for new 
species, many of which have been named for him. In 1937, Dr. S. F. Blake 
published in his honor the genus Tracyina as an entirely new entity 
(T. rostrata) in the Compositae. 

Mr. Tracy was born on January 11, 1879, in Hydesville, Humboldt 
County, California, in the low broad valley formed where the Eel and 
Van Duzen rivers meet. His parents, both of New England stock, were 
Joseph Tracy and Harriet Morris, and from his father, who surveyed 
many of the roads and land lines in the early northern California of that 
day, young Joe acquired his interest in the land which was later to lead 


tanical library which he likewise. 
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to his choice of vocation. Despite his outdoor activities, he was not a 
strong boy, uninclined in consequence to compete in the more rigorous 
activities of boys of his own age. Instead he was wont to wander in the 
nearby redwoods and grassy hillsides, storing up the impressions which 
were to culminate in his avocational devotion to matters botanical. His 
mother’s family settled on a ranch on Howell Mountain near St. Helena 
in Napa County, which later was acquired by the University of California 
and is now known as “Las Posadas State Forest.’’ There Joe spent sum- 
mer vacations visiting his uncle, John M. Morris, who owned the ranch, 
whence many of the “extra-territorial’ specimens of earlier days in 
Tracy’s collections. 

When Joe was eleven years old, his family moved to Eureka, which 
subsequently became his permanent home. His father was Register of 
Public Lands there, and Joe spent much time working with him, gaining 
an intimate knowledge of land titles and an appreciation of their impor- 
tance. Meanwhile, he attended high school in Eureka, graduated with the 
first class and was among the first students who entered the University 
of California from Eureka. At the University, his interest in science soon 
became dominant, and he devoted much of his work there to botany, 
chemistry and physics. Among his instructors in botany were the young 
H. M. Hall and Dr. J. Burtt Davy, while his heightening interest in his 
now chosen field was directed by both Dr. Jepson and Dr. Setchell. Dur- 
ing this time he served as a student assistant in the Herbarium. Notable 
among his classmates were Herbert M. Evans and E. B. Babcock. 

During Mr. Tracy’s final college year his father died, necessitating his 
return to Eureka to take upon himself the support of his mother and a 
younger brother and sister, but he returned to finish his college work. 
Despite the handicaps, he was honored with memberships in both Phi Beta 
Kappa and Sigma Xi and succeeded in earning his A.B. in three and a half 
years, thus graduating with the class of 1903. He had hoped to return 
later for graduate work and higher degrees, intentions which he never 
was able to realize. Nevertheless, through the years, he maintained. to 
mutual advantage, a close association with colleagues at the University 
of California and the California Academy of Sciences. 

Upon his return to Eureka in 1904, he looked for suitable employment. 
His early training in land surveying with his father came to his aid in 
this connection, and he soon found congenial employment with the Belcher 
Abstract and Title Company, by which firm he was employed until his 
death. “By those who had occasion to require .. . . service in the matter 
of the authentication or clearance of land titles”, Joseph Tracy “was 
acknowledged as an expert in this field, and deeds, titles and other docu- 
ments relating to land ownership or transfer .... bear the imprint of his 
training, skill and judgment,” as the ‘““Humboldt-Standard”’ editorialized 
in its obituary notice. 

All the while, he followed his botanical bent as an avocation, collecting 
in his spare time. He was a familiar sight in the woods and hills of the 
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northwestern counties, with his plant press and his fish-creel, and during 
deer season, his gun, in his ofttimes well-worn Ford car on the less fre- 
quented byways of his district. His fine collection of horns on the walls 
of his home herbarium bore witness to his marksmanship, for almost every 
year, Joe “‘brot home his buck.”’ Besides his abiding concern with the plant 
life of the region, Joe’s kindred interests extended to an acquaintance as 
well with the soils and geological formations he encountered. 

Another interest was music, and for many years his true tenor voice 
was heard in his church choir and in the choral societies of which he was 
so devoted a member. 

Mr. Tracy was generous of his time and interests, happy to aid any 
one who showed a genuine interest in natural history. He was glad to help 
students and spent many an evening with them, feeling amply rewarded 
by their later accomplishments in the botanical field. He cooperated often 
with County Farm Advisors, while never a summer passed without sev- 
eral visits from fellow botanists and students. 

In his later years, his plant collections extended more and more to 
counties other than Humboldt and adjacent Trinity County. On his forays 
into Del Norte and contiguous Siskiyou County and southwestern Oregon, 
he made many joint collections, a large share of them mycological, with 
Mr. Harold Parks of Trinidad, formerly of the Department of Botany 
at the University of California. His frequent collecting trips to Trinity 
Summit and the Salmon Mountains were facilitated by his possession of 
a cabin and a plot of land close to that of one of his sisters at Willow 
Creek. Frequently accompanying him on these trips were his brother-in- 
law, Judge Frank A. Graham of Willow Creek, and his young nephew, 
Joseph T. Gregory, who later joined the staff of the Peabody Museum 
of Paleontology at Yale University. 

Mr. Tracy is survived by two sisters, Mrs. Harriett Graham of Willow 
Creek, and Miss Ethel Tracy of Eureka, who so kindly supplied many of 
the biographical details, especially of Joe’s earlier life, as well as by two 
nieces, Mrs. Phillip DeLong of Eureka and Miss Grace Tracy of Oakland, 
and by his nephew, Dr. Joseph T. Gregory of New Haven, Conn. 

In addition to his membership in the California Botanical Society, Mr. 
Tracy took an active part in the work of the Save-the-Redwoods League 
and was a member of the following societies: American Association for 
the Advancement of Science, American Css etaiee Society and the Cali- 
fornia Academy of Sciences. 

Joe Tracy is recalled by his friends and all who knew him as a gentle, 
kindly, and modest gentleman, generous of himself and eager to share his 
knowledge. He was highly respected and valued by his business associates 
and by those who sought his expert assistance on title and documentary 
matters. His lasting monument is embodied in the large and significant 
personal herbarium which is soon to be incorporated into that of the Uni- 
versity of California——Rimo BacicALupPti, Department of Botany, Uni- 
versity of California. 
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REALUDY, EXISTENCE, AND CLASSIFICATION: 
A DISCUSSION OF THE SPECIES PROBLEM 


BENJAMIN H. BURMA 


INTRODUCTION 


In 1949 the writer published a short paper setting forth certain views 
concerning the species concept, which elicited several other papers on the 
subject. One of these (Gregg, 1950) observed that writers on the subject 
of the species concept had in general been guilty of lack of clarity in the 
formulation of the ideas and definitions involved. The writer fully agrees 
with this view, and the present paper may be regarded as an attempt to 
survey, in a relatively short space, the basic philosophical assumptions and 
definitions involved in this phase of biology, and their application to the 
subject at hand. This has not proved a simple task and I doubt that the 
aim of clarity has always been achieved. On the other hand, a number of 
the concepts involved are rather difficult, and often I have had to choose 
between greater clarity or brevity, and had to choose brevity. 

It may be well to point out at once that the ensuing discussion will, at 
different times, proceed on different levels. (On one level of discourse it | 
is perfectly legitimate to refer to a table top as solid. In a discourse on 
the atomic level, such an assertion would be absurd.) The different levels 
have not.in general been labeled, but every effort has been made to avoid 
confusion of the level of discourse. In the more strictly biological part of 
this paper, it will be apparent that the general level is that of a “‘picture- 
of-Nature,” in which phenomena are interpreted in terms of ‘‘models.”’ 
The physical sciences, and particularly physics, have gone beyond this 
level, and eventually biology will also, I am quite certain. If the state of 
the science were sufficiently advanced, it seems very likely that the dis- 
cussion in the last part of this paper might well have been in terms of open 
energy systems in a field of energies, in something of an analogue of a 
physical field theory. For the present, however, we must be satisfied with 
less precise methods of dealing with the phenomena in question. 

Several people, all members of the staff of the University of Nebraska, 
have been kind enough to read the entire manuscript and offer helpful 
criticism. For this I am indebted to Dr. Dwight D. Miller, of the Zoology 
department; Dr. Adam Skapski, Physics department, and Drs. William 
H. Werkmeister, Thomas F. Storer, and Bruce Waters, Philosophy depart- 
ment. I am particularly indebted to Dr. Storer, especially for his advice 
concerning the use of existence as a predicate. Nathan Mohler assisted 
in the preparation of the illustrations. 


STATEMENT OF THE PROBLEM 


The question before us may be stated as ‘“‘Are species objectively real 
units existing in the real world?” This innocent seeming question has in 
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it several words which are exceptionally difficult of definition and which 
are notoriously used by different persons in different ways. Our first 
task, then, shall be to attempt to definite, or at least describe the usage, 
of certain words or phrases in the above question in such a way that there 
will be a minimum of uncertainty in the mind of the reader as to the man- 
ner in which each is used in this paper. 

It may be well first to say a word concerning verbal definition as such. 
It must be realized that any definition attempted can never be anything 
except the beginning of an infinite regress, at least within the limits of 
the language used in the definition. Thus we might define “‘beer bottle” 
as “brown glass container.” This, of course, merely substitutes three un- 
defined words for two. Each of these must then be defined, then each of 
the words in this definition and so on, theoretically without limit, hence 
an infinite regress. Since the language has a finite number of words, how- 
ever, the regress will not actually be without limit as to mew words intro- 
duced. A point will be reached where the available words are exhausted 
and new definitions will involve only reused words. Thus, in actual prac- 
tice, we will be faced by circular definitions of the type of ‘“‘Feature means 
peculiarity, peculiarity means characteristic, characteristic means fea- 
ture.” In any case, the essential point is that, in the last analysis, there 
is no such thing as a final definition, such being impossible unless one 
wishes to assume the existence of terms whose definitions exist in-the- 
nature-of-things. The mystic or theologian may have such but the scien- 
tist does not. In the problem at hand, then, definitions will be stopped at 
least this side of the point of diminishing returns. 


MEANING OF “REAL”’ 


Our first task will be to specify the meaning to be ascribed to the word 
“real,” as it will be used in this paper. The word is used in so many senses 
that it is of first importance to make certain that its usage is always as 
clear as possible. 

In this paper the word will be taken in its usual, or what I take to be 
its usual, “scientific” sense. All scientific inquiry has as a basis some postu- 
late, or postulates, concerning reality and the relation of perceptual data 
to this reality. The following postulates and definitions are those on 
which this paper is based, and, I believe, they would be very widely recog- 
nized as being usual postulates. They are: 

(1) There is a physical reality. (This is an unprovable assumption, but 
whether true or not, all the sciences proceed as zf it were a fact and not 
an assumption. Sensory data may also consistently be explained on the 
basis of such a postulate as — The total reality is mind, and matter is a 
non-physical construct of the mind, that is, that reality is non-physical. 
Both postulates have been the basis of philosophic systems concerning 
the universe, and probably with equal success. Why then should we postu- 
late a physical reality? There are a variety of reasons, some logical and 
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some not. The non-logical reasons are certainly of great force and are 
expressed in such statements as “If there were no physical reality, then 
science would be impossible,” or “I would see no reason to study the 
sciences.” Such attitudes place a powerful bias in minds of the type that 
would be interested in the physical and biological sciences in favor of the 
postulate of a physical reality. In addition, however, there are more logical 
reasons. If there is more than one mind in the universe, then, the argu- 
ment runs, is it not strange that two minds would reach agreement re- 
garding some “‘physical”’ fact in the absence of some underlying physical 
reality. It is easy to argue against this view, but to some minds, mine 
among them, such arguments are unconvincing. ) 


(2) There is some sort of relation between perceptual data and total 
reality. (This, again, is unprovable. Perceptual data may in themselves 
be reality—Berkelian idealism and similar epistomologies. However, if 
there is a physical reality, it would be completely outside the range of 
any knowledge unless there were a relation of some sort between per- 
ception and total reality. ) 

(3) Perceptual data give us our only first-hand data of the real world. 
(This is unfortunate truth, rather than assumption. It is merely the uni- 
versally acknowledged fact that, for example, sight is a subjective, not an 
objective experience. ) 

(4) There is some sort of a systematic, regular relation between per- 
ceptual data and total reality. (If relation between the two were hap- 
hazard and unsystematic, it hardly seems likely that there would be any 
orderliness to the world of the senses. Such a postulate, though again 
unprovable, is probably a necessary basis for any theory of communica- 
tion.) 

(5) The real world, as the term will hereafter be used, is the reflection 
of total reality in perceptual data, and such that two or more observers 
may reach agreement in correlating their individual perceptual data. 
(This is, of course, a definition rather than a postulate. It is simply a 
more precise statement of the generally accepted idea that anything real 
will be perceptible to two or more observers in such a fashion that mutual 
agreement may be reached concerning the nature of the object. Note that 
the definition specifically excludes the perceptual data of the insane, the 
“abnormal,” and the mystic. This does not deny the validity of these 
percepts, but any reality involved falls outside the “real world” of sci- 
ence. ) 

(6) Since total reality is non-perceivable, data received by our senses 
give us our only knowledge of’the real world of total reality, and, for the 
individual observer, constitutes the real world. [This final postulate is, 
of course, the basis of relativism, whether in physics, philosophy, or else- 
where. The first known statement of this principle was made about 450 
B.c. when Protagoras said that “‘Man is the measure of all things.” It 
means that the first (logically) task of any observer is to discover the 
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rules for transforming the data from his observational system (physical, 
not notational) into that of another observer, and vice versa. This is 
actually a necessary precondition to point (5) preceding. The apprecia- 
tion and successful solution of this problem for systems in non-linear 
relative motion is one of the greatest accomplishments of relativistic 
physics. Although it is not generally appreciated, the biological sciences 
are not, by some divine fiat, exempted from these necessities. | 

(7) In addition to the above six postulates and definitions, I would add 
the following — that only is real which possesses extension in space-time. 
This is to say that reality is at least four-, not three-dimensional. The 
neontologists have consistently treated the species problem as though the 
organisms involved had only extension in space and not in time, the usual 
reason given being that ‘‘although paleontologists may have to deal with 
time in connection with organisms neontologists deal with such short spans 
of time, comparatively, that the time factor may safely be ignored as of 
no importance.” However, no one espousing this view has ever given any 
reason why one should ascribe reality to the three-dimensional shadow- 
pictures they describe or why the objects of their study should be ex- 
empted from the canons of reality applying to the other physical and 
biological sciences. Until such convincing reasons are given, and I know 
they will not be, we are justified in rejecting as entirely unscientific any 
views on the species-problem which are not discussed in terms of the space- 
time continuum. 


THE MEANING OF “‘EXISTS”’ 


The word “exist”? has also been fruitful of misunderstanding. To say 
that a thing exists is to say that it is not fictitious, but an actuality, and 
since actuality embodies acts or events in the real, physical world, the 
world of things, it embodies a set of characteristics peculiar to that thing. 
One of these characteristics is the extension in the space-time continuum. 
That which does not have such extension cannot be said to exist in the 
sense used in our statement of the problem. 

The use of ‘“‘exists” is important in a consideration of Gregg’s paper, 
“Taxonomy, language and reality” (Gregg, 1950). Since the difficulties 
in which Gregg finds himself in this paper are not uncommon, it may be 
useful to analyze certain of his arguments in some detail (p. 421 et seq.). 

First, he examines the proposition ‘All species exist,” a proposition of 
the type “all fish swim,” which may be recast as “‘for any x: if x is a fish, 
then x can swim.” A similar recasting of the first proposition gives ‘‘for 
every A: if A isa species, then A exists.” The contrary of this is then given 
as “not (for every A: if A is a species, then A exists.) This, Gregg says 
is inconsistent as implying the contradictory statement “there exists an 
A such that A does not exist.’”’ I cannot agree with this. It is true that the 
last statement is superficially, at least, contradictory, but I do not regard 
it as legitimately following the contrary. The contrary statement may be 
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transcribed in ordinary language as “‘It is not true that for every A, if A 
is a species, then A exists.’ This statement becomes contradictory only if 
the “‘is” is taken itself to mean “exists,” which does not follow. 

A similar difficulty is involved in his analysis of the proposition “some 
species exist” which he inferentially, by example but not directly, recasts 
as ‘‘there exists an A, such that A is a species, and A exists.” Here again, 
“exists,” the first one, is improperly substituted for “‘is.” The difficulty 
lies in the failure to distinguish between what we may call logical exist- 
ence and real existence. The meaning of the two terms may be illustrated 
as follows: Consider the class of unicorns. We erect the class definition — 
unicorns are those animals with the head, neck and body of a horse, chin 
tuft of a goat, legs of a buck, tail of a lion and a long straight horn on the 
middle of the forehead. This class is properly constructed; it may be 
used in syllogisms, etc., and may be said to have logical existence. On the 
other hand, no such animal ever lived, there is no actual animal of the 
real world meeting this description, and for this reason, the individual 
unicorn is said to be without real existence in the sense defined in the first 
part of this section. 

If “exist” of the propositions “All species exist” and ‘‘Some species 
exist” is of the type of logical existence only, then the discussion of these 
topics is purely theoretical and of no possible application to the discus- 
sion in this paper and in my former paper (Burma, 1949) which is con- 
cerned only with real existence, nor is it of any particular interest to 
biologists as biologists, whose concern is also with real, not logical exist- 
ences. On the other hand, if “exist” in the two propositions refers to real 
existence, or has any flavor of it, then Gregg’s conclusion that both prop- 
ositions are necessarily true is certainly false since the statements he 
cites, ‘“There exists an A such that A does not exist” and “there exists an 
A, such that A is a species and A exists” involves contradictions oly if it 
is not realized that the first “exists” refers to logical existence and the 
second to real existence. For this reason, the logical contraries of the two 
original propositions: “It is not true that for every A, if A is a species, A 
exists,” and ‘‘There is an A such that A is a species and A does not exist,” 
where only the words “‘exist” refer to real existence, contain no internal 
contradictions at all, exactly opposite the conclusion of Gregg. 

When (p. 423) Gregg says that the statement “ ‘There exists no A such 
that A isa species’ | better stated as “There is no A such that A is a species 
and A exists’’| is false for there are species: Homo sapiens is one, Esch- 
erichia coli is another, and Anopheles quadrimaculatus is another’, he is 
in error in his reasoning. Let us recast this statement of Gregg’s in syllogis- 
tic form: 


The taxonomic unit Homo sapiens exists 
Homo sapiens is a species 
Therefore, species exist 


Put thus baldly, it is apparent that we are again faced with a confusion in 
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the usage of “exists.” If, in this syllogism, “‘exists” refers only to logical 
existence, we need not quarrel with Gregg but the syllogism then has noth- 
ing to do with our problem.' The apparent proving of the (real) existence 
of species arises when the first “‘exists” refers to logical, and the second 
to real existence. However, since the two “exists” are actually different 
words which happen to be spelled the same, the conclusion ‘Therefore 
species exist’? does not follow from the major and minor premises. If 
both “exists” are taken to refer to real existence, nothing is actually proved 
since the major premise then assumes the very point we are supposedly 
out to establish! In short, this apparently convincing argument is sophis- 
tical and false. (Parenthetically, it may be pointed out that since the 
above arguments are basic to Gregg’s thesis, we must conclude that his 
thesis is not proven. ) 

No one can deny that the units of the taxonomic system have logical 
existence, so does a mathematical line. Our problem concerns the real 
existence of species and Gregg’s paper does not help us in this problem. 
Let us now consider some aspects of the general problem of classification. 


THE PROCESS OF CLASSIFICATION 


Classification, as a process, is a fundamental necessity in human life. 
We are presented from birth with a bewildering variety of sensory images, 
and the infant’s first task is to bring some sort of order out of this chaos. 
Among the first of these orderings is the recognition that one particular 
group of sensory images belongs to a class that provides food and comfort. 
The first vocalization of the infant often names this class — mama —, in 
this case a class of one member. By the time the child is a few months old, 
the class, mama, is firmly identified. The very development of skill in 
vocalization depends on and develops with this ability to classify. The 
infant learns that the word “‘dog” is associated with a certain group of 
sensory Images, and that when he points to a member of this class, and 
says “doggie,” he will be rewarded. 

Indeed, we can see that this ability to classify is necessary to the ability 
to communicate. Nouns and adjectives, our chief classifiers of the world 
about us, are an absolute necessity for the exchange of information. Con- 
sider the number of sensory images, inherent or implicit, in the noun 
“Man.” Consider the time saved by classifying this mass of images in the 
one word. Indeed the very process of vocalization is one of classification, 
for when I say, “‘men,” I have placed a certain group of sensory and con- 
ceptual data in the class ‘“‘men.”’ Because classification is necessary for 
communication, it does not follow that: (1) precision is gained thereby, 
or (2) that classification is a feature of the world itself rather than our 
own mental processes. 


1 Actually, the “syllogism,” and the argument so formalized, have certain peculiar- 
ities which, apart from other considerations, render the validity of the argument 
doubtful. 
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The first usable formalization of classification must be credited to Plato 
and Aristotle. The “archetype” of Plato may be thought of as a spiritual 
prototype of the objects of the material world. (Plato’s «tos which is 
almost invariably translated as “idea” I have here rendered as “‘archetype.”’ 
“Tdea” inevitably, and especially for non-philosophers, carries with it a 
connotation on non-materiality. However, the eéos of Plato was the very 
essence of reality and in every sense material. The world of matter was, in 
fact, considered to be only a pale reflection of the world of the e?éos.) Thus, 
there was an “archetype” of “dog.” Matter, by partaking of this ‘‘arche- 
type’ became a dog. Thus the process of classification became merely a 
process of recognizing the ‘‘dogginess” inherent in any dog. (Observe the 
essential identity of this process with the process of recognizing a species 
by means of its essential characters.) Similarly, one recognizes the class 
of bears by recognizing the inherent “bearness” of certain animals. Thus 
the physical world was considered to be neatly compartmented into class- 
es corresponding to ‘“‘archetypes” and the process of classifying consisted 
only in the more or less intuitive recognition by the philosopher of the 
indestructible “archetype” behind the shifting veil of the physical world. 


Aristotle’s views were basically quite different although in practice the 
results were about the same as with Plato’s system. According to Aris- 
totle, every material object is the result of the union of two principles, 
matter (material) and form (non-material). Matter is regarded by him 
as possessing the capacity for form or being potentially formed matter. 
However, form has being only insofar as it is expressed in material ob- 
jects. Thus the dog is a “‘dog”’ because the matter of which the animal is 
composed had the potentiality, the form, of ‘“‘dog.’’ From this point clas- 
sification proceeds by recognizing “forms” as we before recognized “‘arche- 
types.” 

This general view of classificatory process was regarded, during 
_revival of Aristotelianism, as being compatible with Christian dogma, and 
as such passed into western philosophy, either explicitly or implicitly. 
Linnaeus’ classification was almost certainly Aristotelian in its basis, yet 
it is equally certain that in practice he leaned strongly to the Platonic 
view. Thus in his Philosophia Botanica he states “‘species tot numeramus 
quot diversae formae in principio sunt creatae”’ (freely rendered as “‘our 
classification contains just as many species as there were different forms 
originally created’’), an unexceptionably Aristotelian statement. How- 
ever, in his Classes Plantarum he states ‘‘species tot sunt quot diversas 
formas ab initio produxit infinitum Ens” (‘‘there are as many species as 
there were different forms produced in the beginning by the Infinite Be- 
ing”). Here it is quite plain that his species are archetypal, fixed and im- 
mutable from the day of creation. 


Such a mixed Platono-Aristotelian view of the species generally lurks 
in the background of classifications even today. Thus, when the native 
Papuan (Mayr, 1949, p.371) recognized a given individual bird as a fan- 
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tail, he compares this individual with a composite mental image of all 
fantails of his experience, checks to see that the individual in question 
conforms in essential characters, and, if it does, announces, ‘‘This is a 
fantail.”’ In so doing, the Papuan is a reasonably accurate facsimile of a 
Platonic philosopher. He extracts from the changing appearances of ever- 
changing matter, the eternal ‘“‘archetype”’ of “‘fantail’’ — the veriest es- 
sence of ‘“‘fantailness.”” One might say, by definition, that any individual 
conformation of matter partaking strongly of the “archetype” of fantail 
is a fantail. Avowed Platonists are rare in the world today; unavowed, 
unconsciously Platonic Platonists are indeed legion, perhaps to the extent 
of including all mankind. 

Such a process of abstraction, identification, is the basis of classifica- 
tion. The chief danger is in the unconscious use of “‘archetype”’ as the basis 
of classification, a piece of mysticism productive of many difficulties, not 
the least of which is the according of the word “species” with a connota- 
tion of “If I recognize A as a species, I must be recognizing something, 
and that something is real, otherwise I wouldn’t recognize it, therefore 
species A is areality,” the reality in the last analysis being the ‘‘archetype”’ 
of species A. 


SOURCES OF AMBIGUITY IN CLASSIFICATION 


One difficulty with almost any scheme of classification is that, sooner 
or later, uncertainty arises as to whether some particular individual should 
or should not be referred to a particular class. Such ambiguous cases may 
arise from two rather distinct, though sometimes not necessarily distin- 
guishable causes. We may refer to them as extrinsic and intrinsic am- 
biguities respectively. 

Extrinsic ambiguities are those external to the objects being classified 
and inherent in the class involved. They are essentially difficulties in the 
definition of the class. For example, it is difficult to state exactly whether 
or not viruses belong to the class of living things. This ambiguity is pri- 
marily due to the lack of certainty about the definition of life and not 
about the pertinent characteristics of the viruses. 

Intrinsic ambiguities exist in the individuals being classified rather 
than in the definition of the class involved. These exist primarily where the 
individual is a member of a continuously variable series and a class is set 
up for a portion of this series. In this case, the definition of the class may 
be perfectly unambiguous, but uncertainty will of necessity exist regard- 
ing the assignment of individuals on the border of the defined class. Such 
ambiguity is inherent in the situation. 


THE INDIVIDUAL 


The basic unit of a biological taxonomic system is the individual. The 
individual may be made of cells, organelles, etc., etc., and these constituent 
structures will be important in understanding the individual, but they do 
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not in themselves take part in the taxonomic hierarchy. Let us first, then, 
seek an understanding of wAat an individual is. 

To avoid unnecessary complications, we may restrict our discussion to 
non-colonial organisms. Introduction of such ancillary problems would 
lead us far from our present purpose. Biologically the individual is im- 
portant as the unit through which life maintains itself in space-time. It is 
the smallest unit which can, either by itself, or through cooperation with 
another unit, ensure that a given kind of life persists from generation to 
generation. As such, an essential function is the passing on of hereditary 
factors so that a genetic continuum is maintained from ancestor to de- 
scendant. The simplest way to consider this aspect, and others, of the 
individual, is by reference to the “‘world line” of the individual. (‘World 
line,’ as will be seen below, refers not to the fully relativistic world line 
of Minkowski, but to a simplified version useful to our purpose. Specific- 
ally, we will use as coordinates x, y, z, t rather than x, y, z, ict.”.) 

Since the concept of the world line may be unfamiliar to some readers, 
a short explanation is in order. The world line of an object is the path that 
an object takes in space-time. If one wishes to plot such a world line, four 
coordinate axes are necessary, three spatial and one temporal. (For a good, 
reasonably non-technical, discussion of Minkowski’s world line, see 
d’Abro, pp. 195-200, 1950.) Considering the difficulties involved in draw- 
ing a tesseract on a sheet of paper, we need not attempt to plot a line, or 
volume, in one. Again, for the sake of simplicity, we may adopt one axis 
for the space coordinates combined and a second for the time coordinate, 
as in Figure 1. For our examples we shall plot the world lines of indi- 
viduals as lines. Thus Figure 1 shows the world line of a given individual 
from time T, to To. 


<~—— Space 


Time—— 


Fic. 1. World line of an individual in space-time during time-segment T; To. 
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<— Space——~ 


Time —~ 


Fic. 2. World line of an asexually reproducing individual with two episodes of 
reproduction by binary fission. 


If our organism reproduces by fission we may, starting at time T, show 
it and its descendants as in Figure 2. Notice that we have reached a point 
where the unambiguous designation of an individual in terms of its world 
line becomes difficult, and for much the same reason that we have diffi- 
culty in precisely designating individuals in highly colonial animals; that, 
viewed over-all, we have continuity, and it is only at specified time seg- 
ments that individuals have their world lines sharply differentiated. (The 
ordinary view of bodies in space-time is that they are bodies with three 
spatial dimensions traveling through space-time. In this view, the line 
of Figure 1, and 2, is actually a composite of an infinite number of points 
so that the continuity shown in Figure 2 is effectively real but not phys- 
ically real. An alternative view is that objects are actually four dimen- 
sional, although for some reason our preception only reveals three-dimen- 
sional cross sections. In this view, the continuity would be in the highest 
degree physically real. I know of no exploration that has been made of 
this extremely interesting alternative view, although it has a number of 
intriguing consequences.) [While this paper was in manuscript, Dr. Werk- 
meister called my attention to a paper (Williams, 1951) in which one 
aspect of this interesting view is examined. | 

Sexually reproducing organisms may similarly be shown by world line 
plots. In Figure 3, where such an example is given, sex cells are shown 
arising from the parents, fusing, and giving rise to new individuals. Note 
that this monogamous couple has produced two offspring. In the case of 
such sexually reproducing diploid organisms it is somewhat easier to des- 
ignate the individual, but difficulties remain. The individual may be said 
to come into existence when the chromosome sets of the haploid sex cells 
combine. Even this definition is less precise than it seems. What is im- 
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as 
i 


Time — 
Fic. 3. World lines of two sexually reproducing individuals with formations of 
gametes, zygote, and new individuals. 


portant is not the definable separateness of the individual but the conti- 
nuity between parent and offspring, i.e., the continuity of germ plasm— 
and of cytoplasm, too, if cytoplasmic inheritance is of importance. 


THE BREEDING POPULATION 


Although we have been unable thus far to say precisely where, in space- 
time, one individual begins and another leaves off, let us proceed to a con- 
sideration of the next larger aggregation of organic units. In sexually re- 
producing organisms, any given individual will ordinarily be within the 
range of activity of a considerable number of individuals of the opposite 
sex who could, if the opportunity arose, mate with this first given indi- 
vidual and produce viable offspring. Such a group, composed of one indi- 
vidual together with its immediately potential mates, we may refer to as 
first order breeding populations. Obviously, first order breeding popula- 
tions will be highly unstable, rapidly changing in composition in space- 
time, and are more valuable as analytic units than anything else. By def- 
inition, there are in the world as many first order breeding populations as 
there are sexually mature individuals, and each such individual might be 
a member of several thousand first order breeding populations. 

Within a first order breeding population, gene flow is, by definition, ac- 
tually or potentially complete and free. If we survey all the first order 
breeding populations to which a given individual belongs, and pass from 
these to other connected breeding populations, we will find certain geo- 
graphic areas within which gene flow is actually or potentially as free and 
complete as within a single first order population. However, sooner or 
later we will come to a boundary, geographic or some other kind, across 
which gene flow is restricted. The nature of the barrier to free gene flow 


204 MADRONO [Vol. 12 


will, of course, depend on the organisms involved. For land snails, a small 
river might well constitute such a barrier; the same stream would be no 
barrier whatever to most birds. The aggregate of first order breeding pop- 
ulations within which gene flow is relatively free and unrestricted and be- 
tween which there is some restriction of gene flow, we may call second 
order breeding populations. Here again we are dealing with a unit that is 
useful for purposes of analysis but which we would probably find was 
impossible to define precisely in nature. 

Barriers between adjacent second order breeding populations will often 
be temporary in character. When such barriers are removed, the second 
order populations involved will, of course, merge and become one. Let us 
now examine the world lines involved in these second order populations. 


——"LSpace:.= 


Time — 


Fic. 4. Temporary separations and fusions of related second order breeding pop- 
ulations in space-time. (See text.) 


In Figure 4, which is highly simplified, individuals are shown as lines. 
Because genetic separation of these second order populations is incom- 
plete and impermanent, such second order populations will not maintain 
any significant genetic differences over any period of time, and as a 
consequence morphological differences between the populations involved 
will be minor and transitory. If two such complexes of second order popu- 
lations become separated to the extent that gene flow is markedly restrict- 
ed and over such a length of time that barriers to gene flow, inherent in 
the animals themselves, develop, gene flow will still be restricted when 
contact between populations is renewed, or may even be actually or essen- 
tially nil. Such groups of second order populations we may refer to as third 
order breeding populations. A third order of populations will tend to 
evolve independently of other such populations since exchange of genic 
material will be restricted wholly or mostly to individuals within the popu- 
lation. 
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With the third order breeding populations we reach the end of our 
natural hierarchy. All such populations which are in themselves unable 
to exchange genic materials will be different. Any further building of a 
hierarchy will be based on decisions as to amount of differences between 
these populations. Such a decision is a value judgment, and is not part 
of the real world. Third order breeding populations are different. Only the 
human mind makes an issue of ow different they are. 

Note that the foregoing analysis is essentially independent of the mech- 
anism by which the hereditary principle is passed from parent to descend- 
ant. In the discussion we have, for convenience, spoken in terms of the 
gene theory of inheritance, but this is on/y a convenience and in no wise 
necessary to the argument. Only two major assumptions are made in the 
foregoing analysis — (1) that offspring resemble parents because of some 
physical “principle” which they receive from their parents, and (2) that, 
in the course of the passage of this hereditary principle from one genera- 
tion to the next, hereditable differences may arise and be passed on to 
further offspring. I do not believe that any reputable biologist would 
quarrel with either of the above assumptions today. They are among the 
most ancient of bases of evolutionary biology. Anaximander and Em- 
pedocles, nearly 2,500 years ago were familiar with these tenets. Note also 
that no special theory of evolution is here assumed, only evolution in its 
most general sense. 


BIOLOGICAL TAXONOMY 


We may now inquire as to where, in the preceding hierarchy of breed- 
ing populations, the usual taxonomic hierarchy fits. It is apparent, I be- 
lieve, that all rest within what we have just defined as third order breed- 
ing populations except for subspecies. Subspecies seem to be second order 
breeding populations, if they have real existence at all, a matter we shall 
discuss below. According to the usual definitions, subspecies, in general, 
interbreed more or less freely if allowed to mix in nature and will, with 
such continued opportunity, become indistinguishable. All the other 
categories must then be third order populations between which gene flow 
is restricted or absent. 

Let us then examine the species to see if any reality may be ascribed 
this supposed biological or taxonomic unit. First of all, be it clearly under- 
stood that the logical existence of species as a taxonomic unit is not in 
question. Whatever definition one may wish to use, species will be a de- 
fined class of some sort, and as such may be said, no more and no less, 
to exist in precisely the same sense that the class of unicorns may be said 
to exist. But, as I have intimated before, this is not our problem, which is 
— ‘‘do species have real existence, and if so, in what manner.” - 

Classes, as such, have no real existence. They are, as we have seen, 
mental constructs and as such lack actuality in the sense here defined. 
No one ever saw a mental construct walking down the road. Species, as 
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classes, thus are obviously without real existence. To construe the actu- 
ality and the existence of classes thus rigidly, however, may seem overly 
severe, and might be said to beg the question insofar as our central prob- 
lem is concerned. In what sense at all can any class be said to have real 
existence? 


Since we have seen that classes cannot be said to have real existence 
in actuality, any tincture of reality ascribed to them must be analogical 
and comparable to the reality of the individuals making up this class. As 
a neutral example, let us examine the class of “‘tables.”” We may define 
a table as a manufactured object consisting of an essentially flat top sup- 
ported by one or several legs or pillars. (Note that this is a structural, not 
a functional definition.) This definition is quite unambiguous and any 
residual ambiguity will be largely extrinsic, rather than intrinsic, as de- 
fined above. (It must be understood that this applies primarily to struc- 
tural definitions. I would hesitate to estimate how many problems need- 
lessly plague biologists because of their fondness for functional rather 
than structural definitions.) What canons must we now specify in order 
that we may ascribe some aspect of real existence to this class. I would 
specify the following: (1) the class definition must be essentially unam- 
biguous and any residual ambiguities must be extrinsic and not intrinsic; 
(2) the class must have at least one member which has real existence; 
(3) the member or members of the class must have a demarcable bound- 
ary, at least theoretically, in space-time. I will now discuss these specifica- 
tions in order. 


(1) The class definition must be essentially unambiguous, and any 
residual ambiguity must be extrinsic and not intrinsic. Members of a class 
may be designated in one of two ways. They may be designated by indi- 
vidual specification. For example, I may say, and touch with my finger, 
“this desk, this chair and this bookcase constitute the class of whingdings.”’ 
Such denumerable, individually specifiable classes are a distinct minority 
insofar as practicability is concerned. To so specify the class of dollar 
bills, for example, would be not only wearisome but downright impossible 
if one wished to include those bills of the past which have since been 
destroyed. Thus the commoner method of designation of the members of 
a Class is to describe the characteristics an individual must have to be 
considered a member of that particular class. The specification above, 
concerning unambiguity of definition, is necessary to fulfill the fifth canon 
of reality discussed in the section ‘“‘Meaning of ‘real’ ”’ above, which, in 
essence, states that reality must be communicable. Any ambiguity of 
definition, and particularly an intrinsic ambiguity, will result in a failure 
of communication. If Smith cannot describe a given phenomenon with 
essential unambiguity to Brown, Brown will never know whether or not 
he made observations comparable to Smith’s. Yet such agreement is neces- 
sary before reality may be ascribed to the phenomenon. An ambiguously 
described phenomenon may be real, theoretically, but in actuality, no one 
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can prove it and it is thus effectively without reality. Since the definition 
of “table” is essentially unambiguous, or can be made so, it has satisfied 
the first canon. 


(2) The class must have at least one member that has real existence. 
This simply says that reality can be ascribed only to real things. Thus the 
class of unicorns might possibly be unambiguously defined, but since there 
are no unicorns and never have been, it is an empty class and has no tinc- 
ture of reality as defined above. Not all cases are so simple, however. The 
class of man-carrying space-ships is today an empty class, and so one with- 
out reality. I would hate to have to bet very much that it would be an 
empty class, say, five years from now. Since we do not know the future, 
as a practical matter we must understand that the one member necessary 
to ascribe reality to a class may be of past or present existence, with all 
bets off where the future is concerned. Similarly, I would hesitate to stake 
my life on the contention that there are not unicorns somewhere in the 
universe. Here again, as a practical matter, we must restrict ourselves to 
things within the possible present knowledge of man. In any case, the 
class of “‘tables” has at least one member, so that it fulfills this canon also. 


(3) The member or members of the class must have a demarcable 
boundary, at least theoretically, in space-time. This specification is closely 
linked with the preceding ones. What it says is that a “‘real” class must in 
some sense be a naturally existing unit. Let us test the class of “‘tables” in 
this respect. At some time and place in the past, the first table was manu- 
factured. The world line of this individual table could be plotted from its 
inception to its dissolution. Similarly world lines for all subsequent tables 
could be plotted. And similarly, sometime in the future, the world line of 
the last table will end. Thus we might draw a four-dimensional boundary 
around the entire class of “‘tables.’’ This means that it is in a very real 
sense a natural unit strictly analogous to an individual. Since the real 
existence of a class is only by analogy to real existence of an individual, 
such a class may be said to have this analogical reality. Observe that such 
a unit is possible only if the class is unambiguously defined. 

So we see that the class of “tables” fulfills all three canons and we are 
now justified in saying that the class of “tables” has real existence. 

We may now ask if a biological species, any one, fulfills these three 
canons. It probably fulfills the second one, since if it is a “valid”’ species 
it has or had real individuals for members. The other two canons are a 
different matter, however. Consider Figure 5, in which the zone of short 
lines is a diagrammatic representation of the world line of the individuals 
making up a third order breeding population, a single phyletic line. At 
times a and 0 there existed two populations, which, we shall assume, were 
different enough to be considered two “‘species,”’ @ and 6 respectively, by 
ordinary standards. We may also assume, for the sake of simplicity, that 
no other species would be recognized in the interval between times a and b. 
Can a and 6 be unambiguously defined in such a way that individuals of 
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Fic. 5. Time segment of a third order breeding population. 


the time interval a 6 can be unambiguously distributed between a and 6 
and so that a and 0 will be demarcable units? It must first of all be ob- 
served that a and } are components of a biological continuum. (The suc- 
ceeding discussion is based on the assumption that evolution on the “spe- 
cies” level took place in minute, usually unmeasurable, stages. I know of 
a great amount of actual evidence from the fossil record that this is true. 
I know of mo evidence that it is not usually true. “Species formation” in 
the plants by the processes of hybridization and polyploidy are not con- 
sidered. These processes would require the recasting of details of the argu- 
ment of this paper insofar as it affects plants, but not animals. The gen- 
eral line of argument is not affected.) If we have an intracharacter con- 
tinuum, there are obviously, even by definition, no natural demarcable 
units within it. Any definition attempted will be zutrinsically ambiguous. 
Thus species as classes do no¢ fulfill the first and third canons and cannot 
be said to have real existence in any sense. 

We may now ask, if species as classes are without real existence, what 
have biologists been talking about all these years? Judging by descrip- 
tions of individual species, all too many did not know what kind of a unit 
they were talking about. However much lip-service has been paid by 
biologists to the dynamic philosophy of evolution with its Heraclitean 
flux, almost all biologists have dealt with species in terms of the out- 
moded, static, Platono-Aristotelian philosophy. In discussions of evolu- 
tion, the following type of phrase is commonplace — “‘species a evolved 
into species 0.” ‘This, as it stands, means that there was some sort of a 
definable unit, species a, which changed without any particular inter- 
mediate phase into species b. Such one-step speciation is possible in plants 
by hybridization or polyploidy. In animals, it is apparently rare and un- 
important. In any case, the author of the phrase would probably say that 


r 
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he had no such thing in mind, that, of course, he did not intend to say 
there was any such jump from a to J, but he would go right on talking in 
these terms, and, linguistics being what they are, those who talk in such 
a fashion are almost certain to think in these same terms. Anyone who 
looks through evolutionary literature with this in mind can quickly lo- 
cate literally hundreds of examples where it is obvious in context that the 
writer was thinking of species as discrete, objective, real units, regardless 
of any protestations the author may have that he realized the subjective 
character of biological classification. What all these workers, neontolo- 
gists and paleontologists, have actually been dealing with is an arbitrarily 
set-off segment of a continuous phyletic line. For those who say, “Well, 
of course, but what of it?”’, I can only reply that it is extremely improb- 
able that anyone who thinks in terms of the static species concept fails to 
appreciate the full implications of a dynamic philosophy such as evolu- 
tion. It would be easy to quote examples to support this contention, but 
I prefer not to do so. 

In this situation, the most obvious thing to do is to discard such a term 
as ‘‘species” with its overpowering load of undesirable connotations, and 
use or coin a new word for these phyletic-line segments which have been 
hitherto called “‘species.”’ I do not think any such course will be adopted, 
the International Rules of Zoological Nomenclature being one of several 
reasons. To minimize these effects, however, I would suggest the follow- 
ing steps. First, all taxonomic units of whatever kind should be recog- 
nized explicitly for what they are—arbitrarily erected, man-made con- 
structs, incautious use of which may result in obscuration to a degree 
which outweighs the convenience of recognizing such units. Secondly, 
the idea of the reality of evolving populations of individuals should 
always be kept in the forefront of any discussion of the evolutionary 
process. Such highly abstract fictions as ‘‘species’”’, in the conventional 
abstract sense, will only continue to obscure such discussions. 


Department of Geology, 
University of Nebraska, Lincoln 
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DOCUMENTED CHROMOSOME NUMBERS OF PLANTS 
(See Madrono 9:257-258. 1948.) 
SPECIES NUMBER COUNTED BY COLLECTION LOCALITY 
LILIACEAE 
Tulbaghia h=-0 Gene Newcomb |Mrs. M.A. Berkeley, 
violacea Harv. Univ. Calif. Schaeffer, UC? | California 
SCROPHULARIACEAE 
Castilleja 
lassenensis Eastw. nes al2 G. W. Gillett Gillett 289 Shasta Co., 
Univ. Calif. UC California 
miniata Dougl. n= 24 G. W. Gillett Gillett 292 Shasta Co., 
Univ. Calif. UC California 
Payneae Eastw. ma ==12 G. W. Gillett Gillett 283 Shasta Co., 
Wightii Elmer Univ. Calif. UC California 
affinis Hook. & n= 24 G. W. Gillett Bacigalupi San Mateo 
Arn. Univ.. Calif. 4549 Co; 
UC California 
Wightit Elmer Ne = G. W. Gillett Bacigalupi San Mateo 
Univ. Calif. 4557 Co: 
UC California 
COMPOSITAE 
Acanthospermum 
*australe (Loefl.) n= 10 S. Carlquist Carlquist H9 | Kauai, T.H. 
Kunze Univ. Calif. UC 
Aster 
novae-angliae L. a1 C.J. Avers C.J. Avers Jefferson 
Ind. Univ. 6.1X.1952, Cos 
IND. Missouri 
patens Ait. T= 1110 C. J. Avers C.J. Avers Lawrence 
Ind. Univ. 20.1X.1950, Cox 
IND. Indiana 
pilosus Willd. nes=24 C a)2avers C.B. Heiser Monroe 
Ind. Univ. 15.1X.1950, Ca. 
IND. Indiana 
prenanthoides Muhl. n= 9 C.J. Avers H.T.Stinson | Huntingdon 
Ind. Univ. 7.1X.1950, Coa; 
IND. Pennsylvania 
simplex Willd. i= 36 Cys Avers C. B. Heiser Monroe 
Ind. Univ. 20.1X.1952, Cos 
IND. Indiana 
turbinellus Lindl. n = 48 — 50| C. J. Avers E.. Anderson Jefferson 
Ind. Univ. 15.1X.1951, Cox 
Douglastt H.& A. n= 17 G. W. Gillett Gillett 332 Shasta Co., 
Univ. Calif. UC California 
*nevadensis Gray n= 6 G. W. Gillett Gillett 323 Shasta Co., 
Eatonella Univ. Calif. UC California 
*Congdonii Gray n="t0 S. Carlquist Bacigalu pi Kern Co. 
Univ. Calif. 4368 California 
Verbesina UC 
*encelioides (Cav.) ne 17 S. Carlquist Carlquist H30 | Honolulu, 
Benth. & Hook. Univ. Calif. UC Oahu, T.H. 


* Prepared slide available. 


+ Symbols used for herbaria are those listed by Lanjouw and Stafleu, Index Her- 


bariorum, Part 1. The Herbaria of the World. Utrecht. Second Edition. 1954. 
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CLARKIA EXILIS, A NEW CALIFORNIAN SPECIES 


HarRLAN LEwWIs AND FRANK C. VASEK 


Several new species of Clarkia have recently been described which have 
a very restricted distribution and which are morphologically very similar 
to well known and widely ranging species (Lewis and Lewis, Madrono 
12: 33-39, 1953). These sympatric species pairs offer an unusual oppor- 
tunity for the study of species differentiation. The new species described 
below forms another such pair with C. unguiculata Lindley (C. elegans 
Doug.). From herbarium studies, we had considered it to be a variant of 
C. unguiculata. However, when we observed the two taxa growing to- 
gether in the Kern River Canyon, even a superficial examination indi- 
cated that the plants fell into two distinct groups with no intermediates. 
One of these was typical C. unguiculata, consisting of relatively coarse 
plants with conspicuously hairy buds that were not yet open. The other 
group consisted of slender, more delicate plants which were in flower. The 
flowers were similar to those usually found in C. unguiculata, although 
they were somewhat smaller and the petals were more slender. In addi- 
tion, the buds of this group were not conspicuously hairy. Only two ex- 
planations were possible, namely, the two distinct groups were due to a 
simple genetic difference which was segregating into two classes with no 
intermediates, or the two groups represented distinct species. Present evi- 
dence indicates that the latter is the case. 

Clarkia exilis sp. nov. Herba erecta altitudine ad 10 dm.; caulibus 
simplicibus vel ramosis, exilibus, glabris et glaucis; foliis superne lanceo- 
latis, inferne angusto-ellipticis, 1-6 cm. longis, 2-14 mm. latis, denticulatis 
et glabris, sessilibus vel in basi ad petiolos usque ad 5 mm. longo angus- 
tatis; inflorescentium axe erecto; calycis tubo 1-3 mm. longo et annulo 
pilorum supra medium ornato; limbo 5—13 mm. longo, 1-2 mm. lato, sub 
anthesi connato et declinato; petalis unguiculatis, 5-15 mm. longis, 2-7 
mm. latis; unguiculo gracili limbum aequante; limbo rhombiformi, roseo 
vel albo et in basi saepe roseo-purpureo maculato; staminibus 8, ple- 
rumque albis et similibus; stylo aequante stamines; stigmate quadrifido, 
lobis rotundatis; ovario 8-costato, 6-16 (—20) mm. longo; capsula gracili 
15-30 mm. longa, 2-3 mm. lata; semina 1 mm. longa. 


An erect annual herb, 2-6 (—10) dm. tall; stems slender, simple or 
branched, glabrous and glaucous; leaf blades lanceolate above, narrowly 
elliptical below, 1-6 cm. long, 2-14 mm. broad, more than four times as 
long as broad, glabrous or essentially so, sessile or with petioles as much 
as 5 mm. long; rachis of the inflorescence erect, buds at first erect, then 
deflexed, becoming erect again as the flowers open; sepals oblanceolate, 
5-13 mm. long, 1-2 mm. broad, green, remaining united and deflexed to 
one side at anthesis, minutely and sometimes sparsely puberulent; hypan- 
thium obconical to campanulate, 1-3 mm. long, the ring of hairs at or 
above the middle; petals 5-15 mm. long, 2-7 mm. broad, divergent, con- 
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spicuously clawed, the claw slender, equalling the limb, the limb rhom- 
boid, lavender-pink or white, often with a dark reddish-purple spot at 
the base; stamens 8, in two similar series, white, or the outer series some- 
times reddish; pollen white or cream-colored, occasionally purplish-gray ; 
style about the same length as the stamens; stigma with four rounded 
lobes; ovary 8-ribbed, bright green, 6-16 (—20) mm. long, puberulent, 
sessile or on pedicels up to 3 mm. long; capsule slender, curved, 15-30 
mm. long, 2—3 mm. broad; seeds about 1 mm. long, tuberculate, slightly if 
at all crested. 

Type. Kern River Canyon, one mile from the mouth, Kern County, 
California, Lewis, Lewis, and Vasek 908, April 19, 1952 (UCLA). 
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Fic. 1. Distribution of Clarkia exilis in Kern and Tulare counties, California. 


Distribution. (See fig. 1.) Lower Kern River Canyon drainage, Kern 
County, north to lower Tule River drainage, Tulare County, California. 
Usually in shady or north-facing sites in the oak-digger pine woodland. 

Specimens examined. Herbarium specimens have been examined at the 
following institutions: Pomona College, Rancho Santa Ana Botanical 
Garden, California Academy of Sciences, Stanford University, University 
of California at Berkeley and Los Angeles. We are grateful to the curators 
of these herbaria for the courtesies extended. 

CALIFORNIA. Kern County: Kern River Canyon, Abrams in 1900; 
mouth of Kern Canyon, Benson 3344, 3463, 3464; lower Kern River 
Canyon, one mile from mouth, Lewis, Lewis, and Vasek 908 (type); 
Vasek 101, 121; 2.3 miles from mouth, Vasek 122; 2.9 miles from mouth, 
Vasek 123; 3.8 miles from mouth, Vasek 124; 4 miles from mouth, 
Abrams 11990, 12009; 12 miles from mouth, Keck and Stockwell 3264; 
Rancheria Road, 9 miles from junction with Kern River Highway, Vasek 
125; Breckenridge Mountain Road, 2 miles west of the junction with the 
road to the Kern River Highway, Vasek 127; 1.1 miles north of Granite 
Station on the road to Woody, Vasek 130. Tulare County: 3 miles east of 
White River, Vasek 131; Deer Creek Road, 11.4 miles west of California 
Hot Springs, Vasek 132; Tule Indian Reservation Road, 0.2 mile east of 
junction with Bartlett Park Road, Vasek 133. 
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The haploid chromosome number, 9, is based on examination of micro- 
sporocytes of three plants from the type locality and two plants from 
Rancheria Road (Vasek 125). Permanent slides and herbarium vouchers 
are on file in the herbarium of the University of California, Los Angeles. 

Relationship. Clarkia exilis is morphologically very similar to C. un- 
guiculata and is undoubtedly most closely related to this species. The 
hybrid between them is difficult to produce in the garden, however, and 
the two species remain distinct in the field although they frequently occur 
in mixed colonies throughout the known range of C. exilis. Where the two 
species grow together our field observations indicate that they are easily 
distinguished on the basis of habit as well as the long spreading pubescence 
on the ovary and calyx of C. unguiculata. However, variants of C. unguicu- 
lata without conspicuous hairs on the ovary and calyx are found in other 
areas. No single character distinguishes all of the variants of C. unguicu- 
lata from C. exilis, but in general the relative length of the ovary and calyx 
at anthesis is definitive. The length of the ovary in C. exilis is about equal 
to the length of the sepals and hypanthium combined; the ovary of C. 
unguiculata, on the other hand, is conspicuously shorter than the com- 
bined length of the sepals and hypanthium. 

A study, by Vasek, of the morphological and cytogenetical relation- 
ship of these two species is still in progress. 


Department of Botany, 
University of California, Los Angeles 


A CROSS BETWEEN AN ANNUAL SPECIES AND A 
PERENNIAL SPECIES OF CUCURBITA 


THomas W. WHITAKER! 


Except for Cucurbita ficifolia Bouché, a perennial, the species of culti- 
vated Cucurbita are annuals (C. pepo L., C. maxima Duch., C. mixta 
Pang., and C. moschata Duch.). Repeated attempts to hybridize C. ficz- 
folia with the four annual species have been failures, although occasion- 
ally small parthenocarpic fruits are set when pollen of C. ficifolia is used 
on female flowers of C. pepo. These results have been interpreted to mean 
that the sterility barriers between C. ficifolia and the four annual species 
are normally sufficient to prevent a flow of genes in either direction. 

The perennial habit is of considerable interest in this group, appearing 
to be an adaptation to xerophytic conditions, and it becomes increas- 
ingly significant in relation to the northward spread of members of the 
group from tropical and subtropical Central America and southern Mex- 
ico to the deserts of northern Mexico and southwestern United States. In 


1 Aided by a grant from The American Academy of Arts and Sciences. My thanks 
are due to G. A. Sanderson, Agricultural Aid, for preparation of the illustrations. 
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Fics. 1-3. Mature fruits. Fic. 1. Cucurbita andreana. Fic. 2. Cucurbita ficifolia. 
Fic. 3. Fy (C. andreana X C. ficifolia). 


Cucurbita it is important to learn something about the genetics of the 
perennial habit, as it may help in understanding the intricate relation- 
ships between the cultivated and the wild species. 

In a further attempt to shed light upon the relationship of Cucurbita 
ficifolia to the cultivated annual species, C. ficifolia was mated with C. 
andreana Naud., an annual which is evidently the wild prototype of C. 
maxima (Whitaker, 1951). When pollen of C. fictfolia was placed on pis- 
tillate flowers of C. andreana, three fruits were obtained from a dozen 
pollinations. The results of genetic and cytological observations on the 
behavior of these hybrid plants are recorded herein. In earlier attempts 
to make this cross, fruits were obtained, but the seeds were flat and mostly 
empty or contained small aborted embryos. 


METHODS AND RESULTS 


Cucurbita andreana and C. ficifolia were described in previous publica- 
tions (Whitaker, 1951; Whitaker and Bohn, 1950). The fruit of C. an- 
dreana is an oval, medium-sized, hard-shelled, bitter-fleshed gourd with 
mottled dark green skin (fig. 1). The vine habit is running rather than 
bush; typically, every runner produces roots at the node. Fruits of C. 
ficifolia are large and usually have a mottled light green skin (fig. 2). The 
flesh is white and stringy but not unpleasant to the taste. The variety 
used in these experiments had large, black seeds with light margins. The 
plants produce strong, vigorous runners, which may or may not root at 
each node. 

Of the three fruits obtained from twelve pollinations of C. andreana 
C. ficifolia, one was normal in appearance, and the others were small and 
under-developed. Each fruit contained numerous seeds, the majority of 
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Fics. 4-6. Mature leaves. Fic. 4. Cucurbita andreana, « 2/5. Fic. 5. Cucurbita 
ficifolia, X V%. Fic. 6. Fy (C. andreana  C. ficifolia), < 3. Fics. 7, 8. Flowers of 
F, (C. andreana X C. ficifolia). Fic. 7. Pistilate flower, X 1%. Fic. 8. Staminate flower, 
x ¥Y%. Note short staminal column and lack of polen. 
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them flat. When the seeds were dissected, the embryos were found to be 
small and poorly developed or completely absent. 


When planted, seeds from the smallest fruit failed to emerge. From the 
other two fruits about one dozen plants emerged, of which six were al- 
binotic lethals, and did not produce true leaves before they died. Several 
of the green plants had cotyledons with white sectors. However, the first 
true leaves were normal green, and thereafter the plants were extremely 
vigorous. F, plants were transplanted and observed in the field during 
two successive years. Their behavior was similar each year. 


As noted above the F, plants when transplanted to the field were ex- 
tremely vigorous, with runners up to fifty-five feet in length. The runners 
root at each node, resembling C. andreana in this respect. In cross-section, 
they are 5-angled, but not sharply so as in C. fictfolza. In contrast C. an- 
dreana has runners that are round in cross-section. The hybrid appeared 
‘ to be an annual under our conditions. 


The leaves of the hybrid (fig. 6) are intermediate in appearance between 
those of the parents (figs. 4 and 5). The setae of the leaves, petioles and 
stems are more or less soft and flexible, much like those of C. ficifolia; 
those of C. andreana are harsh and stiff to the touch. 


Staminate flowers usually abort prior to anthesis, but an occasional 
flower may open in normal fashion (fig. 8). Pistillate flowers were pro- 
duced at irregular intervals, but not in great abundance (fig. 7). Fruits 
set readily when the flowers are open pollinated or backcrossed to either 
parent. However, all fruits from these matings and the open pollinated 
fruits were parthenocarpic. More than fifty fruits have been examined. 
The seeds were small, flat and under-developed. When dissected there 
was no evidence of an embryo within the seedcoats. Apparently almost any 
kind of pollen furnishes sufficient stimulation to cause fruit development, 
but apparently no fertilization takes place. The mature fruits were inter- 
mediate in size between those of the two parents (fig. 3), but they had 
a hard shell and bitter flesh similar to those of C. andreana. The peduncle 
was sharply 5-angled and slightly flared at the fruit attachment. Except 
for size, the exterior appearance of the fruit is much like that of C. ficzfolia. 


Since the staminate flowers of the Fi plants almost always deteriorate 
prior to anthesis, pollen counts of opened flowers were not obtained. How- 
ever, pollen grains from unopened flowers were studied. In aceto-carmine 
smears of more than ten flowers, no stainable pollen grains were observed. 


In comparable smears of anthers from both parents, 97 per cent stain- 
able pollen was recorded for each. 


The cytological picture in the F, hybrid was one of great irregularity. 
Of the twenty chromosomes contributed by each parent, not more than 
ten were paired. The unpaired chromosomes migrate precociously to the 
poles, thus producing metaphase plates with many irregularities. Some 
of the unpaired chromosomes are lost in the cytoplasm, and at M IT, plates 
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with eighteen to twenty-two pairs of chromosomes were frequently ob- 
served. The irregularities at meiosis probably account for complete steril- 
ity of pistillate and staminate flowers. 


CONCLUSIONS 


It may be concluded from the observations recorded above that: 

1. Cucurbita ficifolia is genetically well separated from the cultivated 
annual species. Its closest connection is probably with C. maxima through 
C. andreana, the wild prototype of this species. However, the sterility of 
the F, hybrid between C. andreana X C. fictfolia is so complete that an 
exchange of genes is stopped in the initial stages. 

2. The F, hybrids were extremely vigorous after the first true leaves 
appeared. Usually only pistillate flowers reached anthesis in the F, plants. 
They were sterile when backcrossed to either parent. Parthenocarpic 
fruits were produced in great abundance by the F, plants. The great vigor 
of the F; plants can be accounted for in part by the fact that the vines 
produce no seed, but this explanation may be only partial. It is likely that 
hybrid vigor may have made a considerable contribution to the unusual 
growth of these plants. 

3. For the most part the characters contributed by Cucurbita ficifolia 
were dominant in the hybrid, e.g., fruit shape, skin color; angled stem and 
petiole; more or less soft, pliable setae. The following C. andreana char- 
acters were evident: hard shell, bitter flesh, and annual growth habit. 


U.S. Horticultural Field Station, 
La Jolla, California 
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A NEW SPECIES OF BOWLESIA FROM PAKISTAN 


EUGENE NASIR 


The genus Bowlesia consists of three rather well-defined groups of 
species which have been accorded different status by different authors. 
The first group consists of those Chilean plants with erect, dichotomously 
branched stems and with stipules reduced to discrete cilia. These Ben- 
tham (1867) referred to his section Homalocarpus while Drude (1897) 
to his section Elatae. The second and third groups comprise weak- 
stemmed, prostrate, or spreading plants with evident, usually lacerate or 
fimbriate stipules; the second group has fruits bearing essentially sessile 
stellate hairs but no glochidia, whereas the third group has separate 
glochidia or, more commonly, a glochidiate wing extending along the 
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lateral ribs and sometimes also along the dorsal rib. Bentham regarded the 
presence of glochidia as of specific rather than generic value, and in- 
cluded the two latter groups in his section Eubowlesia. Drude thought 
it of generic significance, placing the non-glochidiate fruited species in 
his section Tenerae of Bowlesza, but referring the glochidiate ones to the 
allied genus Drusa of the Canary Islands and northern Africa. Drusa, ac- 
cording to Bentham, was also to be regarded as part of Bowlesia section 
Eubowlesia. Most subsequent authors have apparently referred all Amer- 
ican material to Bow/lesia, and have restricted Drusa to the type species, 
Drusa glandulosa (Poir.) H. Wolff or D. oppositifolia DC., of the Old 
World. 

An understanding of these interpretations of Bowlesia and Drusa is 
important here because any conclusions as to the geographical patterns 
of distribution depend upon how many genera are recognized, and to 
which of the two the glochidiate-fruited American species are assigned. 

Excluding section Homalocarpus or Elatae of Bowlesia, some of the 
more important characters of Drusa and the remaining species of Bowlesia 
may be tabulated as follows: 


Bowlesia Bowlesia Drusa 
(non-glochidiate species) (glochidiate species) Calyx obsolete 
Calyx lobes evident Calyx lobes evident Fruit with lateral ribs 


Fruit stellate-pubescent, Fruit with lateraland  glochidiate-winged, 
non-glochidiate, inflated dorsal ribs glochidiate, otherwise glabrous, 
Stem stellate-pubescent often stellate-pubescent, dorsally flattened 
and sometimes with angled or variously Stem glochidiate, 
simple hairs flattened otherwise glabrous 

Stem stellate-pubescent 

and sometimes with 

simple hairs 


It is evident from the comparative study of the non-glochidiate and 
glochidiate species of Bowlesia and that of Drusa that there is a com- 
plete bridging of the morphological gap between the two genera, and it 
is difficult to tell where one genus ends and the other begins. Taking all 
these facts into consideration, it may be advisable to include Drusa within 
Bowlesia. 

Bowlesia is chiefly a South American genus, extending from southern 
Chile and Argentina northward to Ecuador and Brazil, and recurring in 
Central America and Mexico, with one species in Texas and California. 
Drusa is confined to the Canary Islands and Morocco. Thus neither Drusa 
nor Bowlesia has been reported from either Europe or Asia, so the dis- 
covery of a species of Bowlesia in northwestern Pakistan is truly a re- 
markable find. 

This plant-was collected in the first week of May, 1936, by Ramchand, 
a student of Gordon College, in Topi Park, two or three miles from Rawal- 
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pindi. Rawalpindi is situated between 33° and 34° N. latitude at an alti- 
tude of 1600 feet, on a plain about 15 miles south of the foot of the Hima- 
layas. Topi Park occupies a slightly hilly area of about four square miles, 
which has three ponds and a small ravine that remains dry for half the 
year. The vegetation of this area is preserved in its natural state and con- 
sists manly of such xerophytic plants as Acacia modesta, Gymnos poria 
Rovleana, Otostegia limbata, Olea cuspidata, Adhatoda Vasica, Zizvphus 
nummularia, Ehretia aspera, Tribulus terrestris, Filago germanica, Cou- 
sinia minuta, and many others. Near water and in low-lying areas where 
the soil remains damp for a longer period, there are many herbs, such as 
Ranunculus arvensis, R. muricatus, Sisymbrium Irio, S. Sophia, Senebiera 
didyma, Lepidium Draba, Geranium rotundifolium, Medicago denticu- 
lata, and Rumex dentatus. 

It is probable that the specimen of Bowlesia was collected in one of these 
moister and more sheltered spots. There are doubtless specimens of this 
species extant in the larger herbaria of the world, but their identity has 
not been recognized. 


Bowlesia asiatica sp. nov. Herba annua prostrata dichotoma caulibus 
gracilibus quadrangulosis elongatis basi diametro 12-34 mm. striatis 
glabratis vel pilis 8-radiatis breviter stipitatis vel sessilibus leviter stellato- 
pubescentibus obsitis. Folia opposita 10 mm. longa, 15 mm. lata petiolis 
longis connatis laminis lobis 5 (4-6) tribus centralibus inter se similibus 
ovalibus vel ovatis eis 2 lateralibus minoribus palmato-lobatis subtus albo- 
grisels basi venis principalibus 3 (interdum 4—5) valde ventais ambitu 
pilis stellatis 8-radiatis stipitatis praecipue subtus obsitis pilis inaequaliter 
radiatis praesertim supra ad apices versus obsitis marginibus pilis 2—5- 
radiatis item stellato-pubescentibus. Petioli laminibus 4—6-plo longiores 
stipulis lanceolatis albis membranaceis minute laceratis instructi. Um- 
bellae simplices axillares subsessiles + 2—5-floribus ex nodis erumpentes. 
Involucri bracteae paucae albae scariosae laceratae. Flores parvi calycis 
dentibus prominentibus lanceolato-ovatis albis laceratis petalis purpureis 
late ovalibus acutis inflexis calycis dentes paulo superantibus stylo brevi 
stylopodio parvo conicali carpellis juvenibus dorsaliter paulo compressis 
dense stellato-pubescentibus. Fructus ellipsoideo-globosus subsessilis pilis 
stellatis eis caulis dimidio longioribus obtectis jugis inconspicuis faciebus 
dorsalibus inflatis quam faciebus noninflatis lateralibus magis pubescenti- 
bus usque ad 2 mm. longus 1.5 mm. latus. 

Prostrate, dichotomously branched annual (fig. 1), the stem slender, 
quadrangular and 14-34 mm. in diameter near base, up to 20 cm. long, 
grooved, glabrate to lightly stellate-pubescent, the hairs 8-rayed with 
short stalks or sessile (figs. 3 and 4); leaves opposite, long-petiolate, leaf 
lamina 10 mm. long and 15 mm. broad, palmately lobed, usually with 
5 (4-6) lobes, the 3 central lobes equal, oval to ovate, the 2 lateral lobes 
smaller (fig. 2), prominently veined on the ventral surface, with usually 
3 (occasionally 4 or 5) principal veins at base, the ventral surface whitish- 
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Fics. 1-11. Bowlesia asiatica. Fic. 1. Habit sketch, xX 33. Fic. 2. Habit sketch, 
x 3. Fics. 3, 4. Stem hairs, X 20. Fics. 5, 6. Dorsal leaf hairs, & 20. Fic. 7. Distal leaf 
hairs, X 20. Fic. 8. Flower and young carpel, x 10. Fic. 9. Mature fruit, lateral view, 
xX 10. Fic. 10. Single carpel, commissural view, X 10. Fic. 11. Fruit hairs, X 20. 
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grey, both surfaces covered with stalked, stellate, 8-rayed hairs (figs. 5 
and 6), these more numerous on the ventral surface, unequally 2—5-rayed 
hairs occurring on the upper surface especially distally, the margins also - 
stellate-pubescent with 2—5-rayed hairs (fig. 7); petioles 4—6 times longer 
than the lamina, connate at base, stipulate, the stipules lanceolate, white, 
membranous, minutely lacerate; umbels simple, axillary, borne at the 
nodes, subsessile, 2—5-flowered (fig. 2) ; involucre of a few scarious, white, 
lacerate bracts; flowers small; calyx teeth prominent, lanceolate-ovate, 
white, lacerate; petals purple, broadly oval, acute, inflexed, slightly longer 
than the sepals; style short; stylopodium small, conical; young carpels 
slightly compressed dorsally, densely stellate pubescent (fig. 8); fruit 
ellipsoid-globose, subsessile, up to 2 mm. long and 1.5 mm. broad (figs. 9 
and 10), covered with stellate hairs half as large as those of the stem (fig. 
11), the ribs inconspicuous, the inflated dorsal sides hairier than the unin- 
flated laterals. 

Type. Topi Park, Rawalpindi, Pakistan, May, 1936 Ramchand (her- 
barium of Gordon College, Rawalpindi). 

The writer wishes to express his appreciation of a Fulbright Travel 
Grant from the United States Education Foundation, Pakistan, and a 
scholarship from the United Presbyterian Board of Foreign Missions, 
Philadelphia, which made it possible for him to prosecute research in the 
United States; and to Dr. Lincoln Constance, for his guidance and help 
in the preparation of this paper. 

Department of Botany, 
University of California, Berkeley 


and 
Gordon College, Rawalpindi, Pakistan 
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REVIEWS 


New Zealand Pollen Studies, The Monocotyledons. By Lucy M. CRANWELL. 91 
pp., 8 collotype plates, 66 text figures, 1 map. 1953. Bulletin of the Auckland Institute 
and Museum, No. 3. Published by Harvard University Press for Auckland Institute 
and Museum. Cloth, $5.00; paper, $3.50. 

Lucy M. Cranwell’s recent account of the pollen of the New Zealand monocotyle- 
dons is a welcome addition to the expanding volume of literature dealing with the 
comparative morphology and taxonomy of pollen of the world’s vegetation. Gilbert 
Archey, Director of the Auckland Institute and Museum in his introduction to the 
present bulletin has correctly pointed out the importance of the need for a sound 
morphological and systematic basis in dealing with pollen of living plants before pro- 
ceeding with identification and interpretation of fossil pollen, as well as for the over- 
all application of pollen studies as an increasingly important biosystematic discipline 
in taxonomy. In addition, applied fields, such as hayfever and honey investigations, 
should ultimately benefit from these studies. It is, however, primarily to the object of 
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“interpretative study of past vegetation- and climate-change” based on fossil pollen 
sequences that the present morphological study is dedicated. 

Before proceeding with a detailed discussion of the morphology and systematics of 
the New Zealand monocotyledonous pollen types, Miss Cranwell considers briefly the 
nature and uses of monocotyledonous pollen, economic as well as scientific, and in a 
general discussion introduces topics on the basic morphological types of grains found 
among monocotyledonous families, the range of color displayed by the exine of vari- 
ous grains, the main methods of pollination and the apparently attendant morpho- 
logical modifications which occur in conjunction with these methods. In addition the 
methodology used in preparing and studying the material discussed in the present 
work is included. 

A glossary of pollen terms is included, which draws most heavily on the morpho- 
logical terminology proposed in the publications of Potonie, Wodehouse, Erdtman, 
Selling, Faegri and Iversen, and Iversen and Troels-Smith, all veteran pollen workers. 
Diagrams which would aid the layman in understanding many of the terms used by 
palynologists have unfortunately not been included by Cranwell nor by a good many 
of the others who have proposed the terminology presently employed, with the nota- 
ble exception of the excellent illustrations found in the publications of Faegri and 
Iversen and Iversen and Troels-Smith. A number of good photomicrographs, how- 
ever, illustrating the main classes into which pollen grains fall, are appendaged. These 
classes are based on the occurrence of the grains in coherent groups or singly, and on 
the type and arrangement of apertures. A key to the families and in some cases genera 
and species of monocots found in the New Zealand flora is included. Photomicro- 
graphs or drawings illustrate many of these. 

The bulk of the bulletin is devoted to a systematic treatment of pollen types found 
among the 11 orders and 17 families of New Zealand monocots, none of which are 
endemic to that country. The main approach followed here is a survey of the views 
regarding the taxonomy of the orders, families and genera as treated by various 
systematists and pollen morphologists, a detailed comparative morphological exam- 
ination of the pollen as studied by Miss Cranwell, including references to other pub- 
lications illustrating and dealing with the morphology of any of this material, some 
data on the physiognomic habit, ecology and distribution of the plants in New Zea- 
land, the manner of pollination and the relative amounts of pollen produced, and 
information on fossil occurrences of members of any of these orders, either in New 
Zealand, or as recorded elsewhere by other pollen workers. In her systematic treatment, 
Cranwell follows the family classification very much as given by Skottsberg, whom 
she points out was considerably influenced in his views by Wettstein, and in her 
arrangement of minor groups the classification of Engler and Diels or Krause. How- 
ever, she points out that “attention is given to Hutchinson’s views throughout, since 
many of his innovations, while revolutionary, are pollen-morphologically attrac- 
tive...” She further notes that all systems offer difficulties when dealing with the 
pollen and she for the most part leaves for later sifting by ‘“‘pollen-conscious sys- 
tematists” the data derived from a consideration of the pollen morphology. 

A table at the end of the systematic account sums up the salient characters (aper- 
ture, exine sculpture, size) of the pollen of species of New Zealand monocots. 

Miss Cranwell’s efforts should be well received by systematists and palynologists 
alike, for the publication includes a great deal of material of interest to scientists 
working in both of these disciplines. Not only does she contribute a great deal of 
original material to our knowledge of the morphology of monocotyledonous pollen 
grains, but throughout the work she has excellently supplemented all her discussions 
with references from the vast literature dealing in all ways with pollen morphology. 
While the results of her work are most immediately applicable to palynological inves- 
tigations, it is to be hoped that they will inspire more taxonomists as well as palynolo- 
gists to interest themselves in the possibilities which comparative pollen morphology 
offers as a biosystematic approach to the problems of plant classification, and to the 
possibilities of establishing more natural relationships within the classficatory scheme. 
—JANE Gray, Department of Paleontology, University of California, Berkeley. 
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Flora of Bedfordshire. By Joun G. Dony. 532 pp., 22 figs., and 24 plates. 1953. 
The Corporation of Luton Museum and Art Gallery, Wardown Park, Luton, Great 
Britain. 42s. net. 

Bedfordshire is a small county in the South Midlands of England. It is only 
35 miles long and 25 miles wide at its greatest breadth and has a population of about 
312,000. It was one of the first counties in England to have a published Flora (1798). 
The history of botanical investigation in this area is largely an interesting story of 
the accomplishments of enthusiastic amateurs. The present book, culminating an 
18-year study, is the work of the volunteer Keeper of Botany at the Luton Museum. 
It was published by the Luton Museum with the support of the Luton Borough 
Council and the Royal Botanical Society. The assistance of the Borough Council in 
obtaining subscriptions from Bedfordshire residents and botanical organizations the 
world over is especially interesting. How many American city or county commissions 
would be willing to support work of this type? 

“Habitat studies” of nearly a hundred selected localities are a noteworthy feature 
of this flora. Exact location, estimated relative abundance of species, soil type, and 
pH were noted at each site. Numerous photographs illustrate the habitat study areas. 
These detailed stand data will be of value in noting change in frequency and abund- 
ance of species within the county in future years. The author unfortunately merely 
lists these analyses according to ‘natural areas’; thus he does not succeed in effec- 
tively organizing the information so that a picture of community types emerges for 
the reader. 

A list of flowering plants, ferns and fern allies, mosses, liverworts, stoneworts, 
and fungi comprises the bulk of the book. Both scientific and common names, with 
synonyms from standard manuals of the British Isles, are given. Records for each 
species are listed in historical sequence according to botanical districts. Habitats occu- 
pied and distribution in neighboring counties are presented. To an Amercan the omis- 
sion of keys seems to limit the usefulness of the flora. It must be considered, however, 
that the flora of the entire British Isles is relatively small, and excellent keys are 
readily available for the flowering plants and ferns. Keys for the lower plants, on the 
other hand, would have been of considerable value as manuals covering these are 
difficult to obtain. 

An extensive bibliography of published material, relating to the flora of neighbor- 
ing counties as well as Bedfordshire and a list of herbaria containing specimens from 
the county are included. There are separate indices not only of plant names but also 
of botanists and place names. 

Obviously this book has required an enormous amount of meticulous labor. Such 
elaborate cataloging of details regarding a small area is somewhat astounding to an 
American. Because of the areal extent of our country and the size of our flora we have 
not as yet attempted such compilations. It also is perhaps surprising to us that this 
work has been executed primarily by individuals enthusiastically interested in, al- 
though not professionally occupied with botany. Such a publication is of great service 
in providing local information which may be utilized to advantage by the professional 
botanist doing comprehensive and interpretative studies. JEAN LANGENHEIM, Depart- 
ment of Botany, University of California, Berkeley. 


NOTES AND NEWS 


PRESENCE OF ALPINE PLANTS ON LASSEN PEAK, CALIFORNIA. During the summers 
of 1952 and 1953 while working as a ranger-naturalist in Lassen Volcanic National 
Park this writer carefully examined the upper reaches of Lassen Peak, which rise to 
an altitude of 10,453 feet, and found that its alpines are currently represented by 
substantial populations. Certain of these species, namely Draba aureola Wats., Col- 
lomia larsenit (Gray) Payson, and Smelowskia ovalis Jones var. congesta Rollins 
have interesting patterns of distribution in that they are largely restricted to certain 
peaks of the Cascades. The Smelowskia is endemic to Lassen Peak, while the others 
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have never been found on Mount Shasta nor on any of the mountains between Lassen 
Peak and central Oregon. These rare alpines were discovered on Lassen Peak by 
J. G. Lemmon (1874). Limited collections were made by Mrs. R. M. Austin (1882) 
and Chesnut and Drew (1889). The failure of botanists to note these plants since the 
early collections were made probably stems from the misinterpretation of the recent 
volcanic activity on Lassen Peak. In comparatively recent botanical literature (Drury 
& Rollins, Rhodora 54:108. 1952; Jepson, Fl. Calif. 3:172. 1943) the 1914-17 activity 
has been credited with the extinction of flowering plants on the upper levels of the 
peak by such references as “explosive disappearance of the upper portion of the 
peak,” and “the apparent destruction of alpine and sub-alpine herbs.” 

It is of interest to note that in treating Collomia larsenti, Jepson (loc. cit.) states 
that on his visit to Lassen Peak in September, 1929 “... the mountain top was 
deeply covered with ash and mud from the volcanic eruptions and no herbaceous 
vegetation was found above the 9300 foot level.” Jepson unfortunately selected a 
route which to this day is largely devoid of plants on its upper reaches. His meticu- 
lous and well-written field notes reveal that he approached Lassen Peak from the 
west via Manzanita Creek and ascended the western slopes. This route is characterized 
by mud flows and was devastated by an extensive mud flow in May, 1915. 

From documented accounts of the 1914-1917 volcanic activity on Lassen Peak 
it is quite obvious that many popular ideas of what happened are, at best, gross 
exaggerations of the truth. The lava which was extruded in May, 1915, though cover- 
ing most of the summit, did not extend to the south and south-east portions. The 
great horizontal blast which followed three days later traveled over the northeast 
sector of the peak. Though of sufficient intensity to fell large trees more than three 
miles from the crater, the blast by no means succeeded in blowing off the top of the 
peak. This point is readily substantiated by the still visible anchorages used to secure 
a lookout house built on the summit prior to 1914. Most of the ejecta of the numerous 
lesser explosions was fine material, and prevailing winds carried the majority of it to 
the north and northeast slopes. Since then, mud flows have coursed down all slopes 
of the peak, though these can generally be said to have been less frequent on the south 
slopes, which at the higher levels are less steep than those of the other exposures. 
These factors are largely responsible for the present existence of the alpines of Lassen 
Peak on the south slopes between an elevation of about 9400 feet and the summit. 
GrorcE W. GILLETT, Department of Botany, University of California, Berkeley. 


Milo S. Baker, Professor of Botany, Emeritus, of Santa Rosa Junior College, has 
recently completed a greatly augmented ‘Partial List of Seed Plants of the North 
Coast Ranges of California” (June, 1954, mimeographed) in which 2435 plants are 
listed, a total of 318 more than were included in his 1951 Check List. Those wishing 
copies may obtain them by sending fifteen cents in postage to Milo Baker, Santa Rosa 
Junior College, Santa Rosa, California. 


The “Manual of Southwestern Desert Trees and Shrubs” by Lyman Benson and 
Robert A. Darrow, which has been out of print since 1947, is again available, as a 
second edition, under the slightly altered title, “The Trees and Shrubs of the South- 
western Deserts” (University of New Mexico Press, Albuquerque, New Mexico, 
$8.50). Relatively few changes were made in the text, but improved typography will 
make this second edition much more enjoyable to use. The book is written in non- 
technical language. In addition to keys and descriptions, it contains interesting and 
useful notes on many of the plants, as well as distribution maps and an abundance 
of excellent illustrations in color, half-tone and line. 
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(Emeritus Professor of Botany, Stanford University) 


LEROY ABRAMS 


A TRIBUTE FROM THE CALIFORNIA BOTANICAL SOCIETY 
October 1, 1954 


On the occasion of this, your eightieth birthday, we of the California 
Botanical Society take the opportunity to congratulate you on your suc- 
cess as an individual, as a model teacher, research worker, and as an out- 
standing contributor to our knowledge of the native flora of the Pacific 
States, and we wish for you and Mrs. Abrams continued health and con- 
tentment. 

Your childhood in Iowa, your boyhood, first in Oregon and later in 
Southern California, your schoolday friendship with the late Harvey 
Monroe Hall, your student days at Stanford where you worked with 
Campbell and Dudley with a primary interest in crytogamic botany, 
your acting professorship, upon graduation in 1899, for a year at the 
University of Idaho, your return to Stanford to take up an assistantship, 
your fellowship at the New York Botanical Garden where you came in 
contact with Britton, your associations on the staff of the National Her- 
barium with Maxon and Coville, and finally your return again to Stan- 
ford, first to assist Professor Dudley and then to succeed him—this series 
of associations has contributed to the breadth of background that pecu- 
liarly qualified you so successfully to undertake your magnum opus and 
lasting monument, “An Illustrated Flora of the Pacific States.” 

Your friendly informal approach with your students has prompted a 
reciprocal attitude and has resulted in an impact that has led them to 
recall your very words and manner of expression in retrospect when in 
later associations points have been raised—be they matters of botanical 
lore, plant geography or fact of taxonomy. Your kindliness and complete 
absence of pettiness have won their affection and admiration. You have 
shown an innate capacity for inspiring devotion in your students and asso- 
ciates. No better example can be cited than the able and devoted editor- 
ship of Mrs. Ferris in bringing the final volume of the “‘Flora” to comple- 
tion. Your students regard the opportunity to have worked with you as 
their very rare good fortune. 

Again, we salute you and Mrs. Abrams and wish for you more years of 
serenity and happiness in your ever attractive hilltop home on the Stan- 
ford Campus.—R. C. B., H.L. M. 
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MORPHOLOGICAL AND ECOLOGICAL CONSIDERATIONS IN 
THE CLASSIFICATION OF NAVARRETIA (POLEMONIACEAE) 


BEECHER CRAMPTON 


Ruiz and Pavon (1799) erected the genus Navarretia upon N. invo- 
lucrata, the only species of the genus occurring in South America. Mason 
(1951) recognizes twenty-nine species of the genus occurring in Western 
North America and centering chiefly in California. It is the purpose of 
this paper to examine more closely some of the morphological and ecolog- 
ical features of these species as an aid to increased understanding of their 
interrelationships. All species were studied from herbarium specimens at 
the University of California at Berkeley, the author’s collections, and in 
some instances cultivated material. Specific reference to any particular 
plant material has been made only when exceptional variations are worthy 
of note or limited material warrants citation. 


MoORPHOLOGICAL CRITERIA 


The possible evolutionary significance of several morphological fea- 
tures, mainly floral, became evident during this investigation. Among 
these, corolla venation, stamen insertion, stigma lobing, capsule modifica- 
tions, seed number, glands, and vessel anatomy, will be discussed in turn. 


1. COROLLA VENATION 


The vascular supply to the corolla may be readily observed. Flowers 
from herbarium specimens or living plants are allowed to become fully 
soaked in water on a glass slide, a very simple process which is sufficient 
for clearing, and adequate to reveal the vascular system. The use of a 
dark background on a binocular dissecting microscope and careful longi- 
tudinal slitting of the corolla tube exposes the complete vasculation pat- 
tern and clearly shows the position of stamens and style. Stamen vascula- 
tion is similar throughout the genus, the stamens always being supplied 
by single veins which alternate with the petal veins. Inasmuch as signif- 
icant variation is lacking, stamen vasculation is omitted in the following 
discussion. 

Corolla vasculation, other than that supplying the stamens, has been 
found, however, to be of significance. With the exception of the South 
American JN. involucrata, Navarretia may be divided into those species 
having trinervate vasculation and those having uninverate vasculation of 
the corollas. Twenty-one species fall into the trinervate group wherein a 
single vein for each lobe enters the base of the corolla tube and almost im- 
mediately branches into three veins which traverse the tube and enter the 
lobe unfused (fig. 1). The number of veinlets and degree of their fusion in 
the corolla lobe is of secondary importance and will not be considered. 
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Navarretia subuligera deviates from the typical trinervate condition. 
In this species, the vein to the corolla lobe branches about one-third of 
the way up the corolla tube and enters the lobe unfused (fig. 2). This 
modification of the typical trinervate condition is of interest when com- 
pared with the vasculation of the remaining eight species. 

' The second series of plants comprising eight species shows a vascular 
pattern with a single vein traversing the corolla from the base of the 
tube to the lobe. Plants in this series will be referred to as uninervate. 
The single vein entering the corolla lobe becomes variously branched or 
remains unbranched, depending upon the species (figs. 3, 4, 5). The con- 
sistency with which such patterns occur within a single species or several 
merits attention developmentally and taxonomically. 

Among these uninervate species, NV. intertexta retains a terminal co- 
rolla lobe pattern which is comparable to that of the trinervate species 
(fig. 3), a pattern which may be used to distinguish it from the closely 
related NV. propinqua (fig. 4), wherein the two or three terminal veinlets 
in the corolla lobe are disposed divaricately. Navarretia leucocephala 
shows a similar pattern, but differs from N. propinqua in shape of the 
apex of the calyx membrane, stamen insertion, stigma lobing, and habitat. 
The remaining species in the uninervate series, V. prostrata, N. minima, 
N. bakeri, N. plieantha, and N. pauciflora, have a single unbranched vein 
traversing the entire corolla, from the base to the summit of the lobe and 
represent the ultimate reduction in corolla vasculation in the genus 
(igs5))r 

The only South American species, V. involucrata, although related to 
the uninervate series, is treated separately because of its exceptional and 
distinctive vasculation. Whereas the twenty-nine species of western North 
America are consistently either trinervate or uninervate, with no varia- 
tions between these patterns, all Chilean collections of V. inmvolucrata ex- 
amined (Morrison é& Wagenknecht 17122, C. & G. Grandjot 3981, 3642, 
1065, A. Donat 285) showed variable reduction in vasculation within in- 
dividual corollas on the same plant (fig. 6). This may be a consistent 
feature of this isolated species, and indicates an obvious specialization of 
vasculation directed towards the uninervate pattern from the trinervate. 


2. STAMEN INSERTION 


The concept of sympetalous corollas and epipetalous stamens involves 
a fusion of tissue of petals and staminal filaments to form the corolla tube 
and throat; from this tissue projects the unfused remainder of the anther- 
bearing filament. A remarkable series of positions of stamen insertion is 
evident in Navarretia, the different positions being definitely correlated 
with other structural features of the corolla. 

In NV. mellita the stamens are inserted nearly at the base of the corolla 
tube, leaving an exceptional long throat above (fig. 7). Navarretia squar- 
rosa, a Closely related species, shows the stamens to be inserted about or 
shortly below the middle of the corolla tube (fig. 8). In this regard, these 
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Fics. 1-6. Types of corolla vasculation in Navarretia. Fic. 1. N. mitracarpa show- 
ing trinervate vasculation typical of the section Eunavarretia (corollas 7.5 mm. long). 
Fic. 2. N. subuligera (corollas 5.5 mm. long). Fic. 3. N. intertexta (corollas 6 mm. 
long). Fic. 4. N. propinqua (corollas 6 mm. long). Fic. 5. N. plieantha (corollas 5 mm. 
long). Fic. 6. N. involucrata, vascular pattern believed to be typical of this species 
(corollas 4 mm. long). The fifth stamen and its trace are not shown. Illustrations are 
semidiagrammatic. 
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two species are significant since they exhibit the lowest position of stamen 
insertion in any Navarretia corolla. A typical stamen insertion is exem- 
plified by NV. pubescens (fig. 9). For the most part, however, staminal 
insertion ranges from slightly above the middle of the corolla tube up to 
the sinuses of the corolla lobes. An evident correlation exists between 
the amount of corolla vasculation and the point of stamen insertion. The 
trinervate species generally have stamens inserted from near the base to 
about the middle of the corolla throat, except for those species which have 
unequal insertion with one or two stamens in the upper half of the throat. 
In the uninervate species, except for NV. intertexta and N. propinqua, 
stamens are inserted above the middle of the corolla throat to the sinuses 
of the corolla lobes. All the uninervate species with a single unbranched 
vein supplying each corolla lobe have stamens inserted in or immediately 
below the sinuses of the corolla lobes (figs. 5, 10). 

On the basis of this evidence it is concluded that there has been a def- 
inite migration of stamen insertion from near the base of the corolla to 
the very summit of the corolla tube, a migration correlated with progres- 
sive reduction of vasculation within the corolla. 


3. STIGMA LOBING 


In all trinervate species the stigmas are prominently 2- or 3-cleft (figs. 
11, 12). Three-cleft stigmas are found in those species with 3-locular 
capsules, while 2-cleft stigmas occur with 1-2-locular capsules. The uni- 
nervate species with indehiscent capsules usually have minutely 2-lobed 
or entire stigmas (figs. 13, 14). Two exceptions, NV. intertexta and N. pro- 
pinqua retain a prominently 2-cleft stigma reminiscent of the trinervate 
species. Developmentally, the stigma has become modified from a deeply 
3-cleft condition to one of entirety in coordination with capsular modi- 
fication, and seemingly along with progressive reduction in corolla vas- 
culation which is particularly evident in the uninervate species. 


4, CAPSULE MODIFICATION 


Greene (1887) remarked: ‘‘The astonishing range of variability in the 
capsule of Navarretia which will be brought to view in classification and 
description of species is almost something new in kind, in the annals of 
carpology, I think.” Unquestionably capsule structure and behavior are 
highly important for classification and in understanding species inter- 
relationships. 

Two distinct phases of capsular structure and dehiscence are charac- 
teristic of Navarretia. The majority of the species have coriaceous, or 
chartaceous, dehiscent capsules, while the remainder are membranous, 
weak-walled, and indehiscent. The species with dehiscent capsules exhibit 
a variety of texture, structure, manner of opening, and except for NV. tage- 
tina and N. subuligera, release their seeds as discrete units. Four species, 
N. squarrosa, N. mellita, N. heterodoxa and N. peninsularis, have 3-celled 
coriaceous capsules which, upon dehiscence, split into three valves that 
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Fics. 7-10. Types of stamen insertion in Navarretia. Fic. 7. N. mellita, note ex- 
tremely short filaments; anthers are versatile (corollas 5 mm. long). Fic. 8. NV. squar- 
rosa, note filaments are longer than the anthers; anthers are versatile (corollas 10 mm. 
long). Fic. 9. N. pubescens, showing type of stamen insertion generally typical of 
section Eunavarretia (corollas 16 mm. long). Fic. 10. N. bakeri, stamen insertion in 
the sinuses of the corolla lobes (corollas 5 mm. long). Fics. 11-14. Types of stigma 
lobing in Navarretia. Fics. 11-12. Stigmas typical of the section Eunavarretia. Fics. 
13, 14. Stigmas typical of the section Fragiles. Illustrations are semi-diagrammatic. 


separate from the top downwards, usually remain united at the base, and 
release six or more seeds from each locule. Six species, V. hamata, N. atra- 
ctyloides, N. viscidula, N. breweri, N. prolifera and N. divaricata, possess 
3-celled, coriaceous capsules that separate into discrete valves from the 
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base upwards, and release three to five seeds per locule. Navarretia fili- 
caulis has become modified into a 2-celled, chartaceous capsule which 
splits, upon dehiscence, into two discrete valves, freeing 6 to 8 seeds. Six 
species, V. pubescens, N. mitracarpa, N. jepsonu,; N. heterandra, N. erio- 
cephala and N. cotulaefolia, are modified in another direction. The cap- 
sules disintegrate about the base, leaving a chartaceous “‘cap”’ enveloping 
the seeds. All are unilocular, 1-seeded, except for N. pubescens, which 
may also be 2-seeded and represent culmination in reduction of number of 
locules and number of seeds. The capsule of NV. nigellaeformis is further 
modified by disintegration of the lower third, but remains 2-celled and 
releases 4 to 5 seeds. Navarretia setiloba capsules dehisce about the 
middle, are 1-celled and 1-seeded. This trend in progressive capsule dis- 
integration culminates in two species, NV. tagetina and N. subuligera. 
Navarretia tagetina retains a small chartaceous cap at the summit of the 
capsule; the remainder disintegrates and releases several coherent seeds. 
Navarretia subuligera is wholly membranous and does not regularly 
dehisce, but disintegrates leaving 3 or 4 coherent seeds. These two species 
retain three locules, even though the locule walls are thin; they also have 
the 3-cleft stigma. 

With the exception then, of NV. tagetina and N. subuligera, the weak- 
walled, membranous, indehiscent capsule is characteristic of those plants 
with uninervate corollas and forms the second biological type in Navar- 
retia. The capsules of this type disintegrate at maturity releasing seeds as 
a slightly coherent unit in contrast to the regularly dehiscent type dis- 
cussed above. While most of the species in this type are unilocular and 
several seeded, N. leucocephala and N. prostrata are many-seeded and 
possess a somewhat imperfectly 2-locular capsule. Occasionally, NV. pauci- 
flora may have a 1-seeded capsule. 

It is concluded, in the light of the foregoing criteria, as well as evidence 
from the capsule, that the primitive capsule of Navarretia was 3-locular, 
coriaceous, and separated upon dehiscence into discrete valves releasing 
numerous seeds. A modification in structure and texture produced a 
2-locular, chartaceous capsule. This, in turn, culminated in a capsule that 
is unilocular and 1-seeded with a papery or chartaceous envelope that 
disintegrates about the base upon dehiscence. NV. tagetina and N. subuli- 
gera become transitional between regular dehiscence in the trinervate 
species and indehiscence in the advanced uninervate species. 


5. SEED NUMBER 


Navarretia squarrosa, with 6 to 9 seeds per locule, has the largest num- 
ber of seeds of any species. Seed number becomes progressively reduced, 
depending upon capsular modifications, and culminates in seven unilocu- 
lar, 1-seeded species already mentioned. Navarretia pubescens, a member 
of this group, matures 1- and 2-seeded capsules within the same flowering 
head, but those with one seed are in the majority. As already discussed 
the trinervate species possessing regularly dehiscent capsules exhibit wide 
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variation between species as to the number of ovules matured. The inde- 
hiscent capsule of the uninervate species has a narrower range of seeds 
produced. Navarretia leucocephala and N. prostrata are many-seeded, 
probably 8 to 10 seeds per capsule, NV. minima and N. bakeri are 4 to 5- 
seeded, NV. plicantha is 2—4-seeded, and NV. pauciflora is 1-4-seeded. Nav- 
arretia intertexta and N. propinqua are variable in the number of seeds 
usually maturing, about 4 to 8 per capsule. Navarretia pauciflora repre- 
sents the culmination of reduction in seed number in this series of plants. 


6. GLANDS 


Along with other morphological criteria being considered, the preva- 
lence of glands among Navarretia species appears to have important evo- 
lutionary significance. Unquestionably the heaviest concentration of 
glands upon the foliar and floral parts occurs in the trinervate species, 
N. squarrosa, N. atractyloides, N. hamata, N. viscidula, N. mellita and 
N. heterodoxa. The first four species are characterized by their strong 
mephitic odor, while the latter two are honey-scented and citrus-scented 
respectively. Glandular development decreases throughout the trinervate 
species and terminates with NV. subuligera which is practically glabrous 
throughout. In this species a few scattered glands occur about the abaxial 
base of the bracts in the flowering heads. This glandless condition be- 
comes very prevalent in the uninervate species which develop glands only 
on the abaxial base of the bracts and the calyx lobes. In some instances 
uninervate species may be entirely devoid of glands. It is apparent that 
a decrease in development of glands has to some extent followed progres- 
sive specialization of other plant structures and changes in habitat. 


7. VESSEL ANATOMY 


Stems from all species of Navarretia were macerated, and cleaned sec- 
tions immersed from 6 to 12 hours, at room temperature, in a 10 per cent 
solution of nitric and chromic acids. The macerated wood was then stained 
with safranin in 50 per cent alcohol, passed through 50-100 per cent alco- 
hol series, and permanently mounted in diaphane. 

Examination of all species revealed some variation in vessel length and 
breadth. Navarretia propinqua has vessel elements averaging nearly 0.8 
mm. in length and 0.019 mm. in width, by far the longest vessels found 
in any species, the closest rival being NV. involucrata with an average of 
0.7 mm. in length. The average and usual length of vessels in Navarretia 
is between 0.4 and 0.5 mm., the shortest being 0.25 in N. tagetina. All 
species have vessels with porous perforation plates. In NV. squarrosa, how- 
ever, both reticulate and scalariform! perforation plates commonly occur. 
There is some evidence that this condition may occur regularly in NV. 
atractylotdes, since several mounts of this species had a few vessels with 
scalariform perforation plates. Studies of anatomy by I. W. Bailey and 
his co-workers have indicated that scalariform and reticulate perforation 


1 Two to six bars are found in perforation plates of this type. 
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plates in vessels are more primitive than the derived porous condition. If 
this consideration is applied here in conjunction with evidence from other 
criteria, N. squarrosa is indicated as the most primitive species in the 
genus Navarretia. 
ECOLOGICAL CONSIDERATIONS 

Two distinct groups of species may be recognized on the basis of eco- 
logical preference. The majority of species is found over a wide range of 
habitats which includes open plains, valley, meadow, or hillside, while 
a minority is confined in whole or part to vernal pools. 


1. VARIED HABITAT. 


Navarretia squarrosa ranges extensively along the Pacific Coast, rarely 
occurring very far inland, and particularly favoring cultivated or dis- 
turbed soil. It behaves as a ruderal in grain and other fields and along 
roadsides, but it is not rare to find stands of this species in hard-packed 
undisturbed soil. There is a tendency for the majority of these plants to be 
aggregated in areas with small pockets or depressions where water has 
stood during the spring. Navarretia squarrosa is remarkable for its long 
period of flowering, so that frequently on a single plant capsules ripen and 
dehisce while young heads continue to appear and flower. The long dura- 
tion of anthesis from June to November, coupled with remarkable powers 
of rejuvenation following heavy injury, carries a suggestion of perennial 
behavior. 

Navarretia mellita, a closely related species, occurs farther inland along 
the inner Coast Ranges of California, reaching its greatest development 
in association with chaparral. Frequently, however, it is found in dis- 
turbed soil along roadsides and occasionally on serpentine soils but never 
becomes weedy as does NV. squarrosa. 

Navarretia mitracarpa extends spottily from southern Oregon, through 
the inner Coast Ranges of California, to Santa Barbara County, reaching 
its greatest abundance in Monterey and San Luis Obispo counties. It re- 
portedly occurs on serpentine soils, but whether exclusively or not requires 
further investigation. Navarretia jepsonii is especially partial to serpen- 
tine soil although it is not wholly restricted to it. Its range of distribution 
is from northern Napa County, California, into southern Lake County 
and east into western Colusa County. Most plants of N. mitracarpa and 
N. jepsoniu appear to develop conspicuous reddish foliage and stems when 
found on serpentine. Navarretia cotulaefolia prefers meadow or even 
marshy conditions, occurring through the inner Coast Ranges of Califor- 
nia and extending into the Sacramento Valley. Navarretia divaricata 
favors open pine forests and occurs in Idaho, southern Oregon, the moun- 
tains of the northern Coast Ranges of California, the Sierra Nevada, and 
in Santa Barbara County of California, at elevations of 4500-8000 feet. 
Navarretia divaricata subsp. vividior occurs from 1500-4000 feet in the 
northern Coast Ranges, Siskiyou and Modoc counties and south along the 
western slope of the Sierra Nevada to Mariposa County, and occupies 
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chaparral areas, roadsides, and open flats. Navarretia breweri prefers 
elevations of 5000-8000 feet, in open valleys, flats or meadows on the 
eastern slopes of the Cascades and Sierra Nevada mountains and extends 
generally throughout the Great Basin. Both NV. divaricata and N. brewert 
are the only truly montane trinervate species and occur consistently above 
4500 feet. 

Navarretia setiloba is apparently restricted to the red clay soils in the 
vicinity of Havilah and Kernville, Kern County, in the southern Sierra 
Nevada in California. Navarretia subuligera, a comparatively rare species, 
appears to be endemic upon rocky, volcanic soils in the north Coast 
Ranges and in the northern Sierra Nevada of California, judging from 
the limited material and data available. This restriction to the specialized 
habitat of volcanic soils agrees with other marks of specialization shown 
by this highly advanced species. 

Most of the species occurring on open plains and hillsides appear to be 
tolerant of edaphic variables and show no apparent preferences. Very 
often two or more spec:es of Navarretia are found growing interspersed 
in similar situations in a relatively small area. H. L. Mason (oral com- 
munication) reports that eight distinct species are found growing together 
in a meadow in southern Lake County, California. Navarretia intertexta 
and JN. propinqua are the only two species of the uninervate series which 
occur in varied habitats; all other species are trinervate. 


2. THE VERNAL Poot HABITAT. 


The vernal pool habitat represents a major ecological specialization in 
Navarretia. Vernal pools range from small depressions in open plains, 
fields or valleys, to large swales that become filled with rain water in win- 
ter or early spring. Water gradually evaporates leaving either very hard 
packed soil, or, if the pools are very large, organic debris or peaty soil. 
Recession of the standing water encourages development of a flora whose 
members start development aquatically or in the muddy soil which later 
becomes hard and baked. Probably seeds of such Navarretia species ger- 
minate while still covered with water. Navarretia leucocephala, a common 
species in vernal pools of the Great Valley of California usually is found 
at the lowest point of the depression, suggesting aquatic germination; 
anthesis is reached before the soil has yet dried. 

Six species, V. bakeri, N. pauciflora, N. plieantha, N. prostrata, N. min- 
ima and N. leucocephala, are confined almost exclusively to the vernal 
pool situations. Not only are these species very specialized ecologically, 
they are also all highly specialized morphologically having uninervate 
corollas, indehiscent capsules, entire or minutely 2-lobed stigmas, high 
stamen insertion and a paucity of glands. Peculiarities inherent to the 
vernal pool habitat may have influenced the development of an indehis- 
cent capsule and reduction in glandulosity. The agglutinated seeds shed 
from the distintegrating capsule do not facilitate wide dispersal but this 
is not necessary in a limited habitat. The free seeds released by the de- 
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hiscent capsules of species in varied habitats insure dispersal over a wider 
area. 

Glands, which probably restrict water loss to some degree, cease to be 
of value in a habitat which provides and holds within the soil sufficient 
water for the plant’s demands regardless of loss through transpiration. 

Navarretia intertexta, with indehiscent capsules and uninervate corol- 
las, is basically allied to the vernal pool species. Ecologically, the species 
is exceptional in its wide tolerance of diversified habitats. It may be found 
on the edges of vernal pools, but is usually not an integral part of the 
vernal pool flora. More commonly it occurs on grassy plains, hillsides, 
meadows, dry creek beds or banks, roadsides, and even on serpentine soil. 
This is by far the most common species of Navarretia, having a wide range 
of distribution in California, Oregon, Washington, and Idaho. It fre- 
quently grows in association with other species, particularly V. tagetina 
and N. pubescens. While uninervate corolla, indehiscent capsule, and 
close association with the vernal pool habitat ally it with the uninervate 
series, the singular pattern of corolla lobe venation (fig. 3), the promi- 
nently 2-cleft stigma, the low stamen insertion, and the occurrence in 
varied habitats relate it to the larger trinervate series of species. 

Navarretia propinqua, closely related to N. intertexta and often con- 
fused with it, occupies open plains, valleys, plateaus, and probably the 
edges of vernal pools. Principally a Great Basin species, it is found only 
east of the crest of the Cascade Mountains and the Sierra Nevada, where 
it has broad distribution in eastern Oregon, Washington, Idaho, Nevada, 
Utah, Colorado, and northern Arizona. Navarretia intertexta frequently 
occurs with it along the western and northern fringe of the Great Basin. 
The primary distinction between the two species is the pattern of corolla 
lobe venation (compare figs. 3 and 4). 

The South American JN. involucrata apparently occupies and is prob- 
ably confined to vernal pools throughout the Andean Cordillera of Chile. 
One collection (Morrison & Wagenknecht 17, 122) refers to the species 
as growing, “‘in a small bog or vega, nearly dry.”’ The indehiscent capsule 
and the specialized habitat link the species with the vernal pool group of 
western North America. However, the specialization in corolla vascula- 
tion (fig. 6), the 2-cleft stigma, and low stamen insertion mark the species 
as somewhat transitional between uninervate and trinervate groups. 


CONCLUSIONS 


Morphological and ecological evidence indicate two distinct develop- 
mental lines in the genus Navarretia. Two groups of species have been dis- 
tinguished in Navarretia on the basis of corolla vasculation referred to as 
trinervate and uninervate, respectively. Other morphological and ecologi- 
cal features confirm separation of these two distinct developmental lines 
within the genus. It remains to assign sectional divisions to the genus. 
Brand (1907) first used the section Eunavarretia, which has been found 
to include many species with trinervate corollas, deep 2- or 3-cleft stig- 
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mas, low stamen insertion, and variable ecology. The sectional name 
Eunavarretia is thus appropriate for those species having these features. 
For the remaining nine species with uninervate corollas, indehiscent cap- 
sules, entire to 2-lobed stigmas, and shallow stamen insertion, which are 
generally confined to vernal pools, I propose a new sectional name. 

NAVARRETIA, sect. Fragiles sect. nov. Corollae lobi univenosi capsula 
membranacea irregulariter dehiscens stigma 2-scissum vel 2-lobatum vel 
integrum flores caerulei vel albi; plantae stagnis vernalibus restrictae. 
The species in this group are a somewhat homogeneous group of similar 
habitat and general superficial appearance, but closer morphological ex- 
amination reveals significant differences. These differences are largely 
biological, each species showing advanced structural modifications over 
the older and well delineated species of Eunavarretia. 

Three species are of unusual interest since they show evidence of transi- 
tion between the two sections. Corolla vasculation, capsule dehiscence, 
and specialized habitat place N. subuligera intermediate between the 
Fragiles and Eunavarretia. Navarretia intertexta, on the basis of corolla 
vasculation, 2-cleft stigma, stamen insertion, and wide range of ecological 
preference is closer to Eunavarretia. Navarretia involucrata is perhaps the 
most unique of these transitional species since corolla vasculation alter- 
nates between uninervate and trinervate. 

The most highly specialized species in the genus is NV. pauciflora, a po- 
sition it holds by virtue of its morphological reduction and its restriction 
to a vernal pool habitat. Navarretia squarrosa appears to be the most 
primitive member because of its almost perennial behavior, large seed 
number, and the nature of the vessels. 

Much of the taxonomic confusion in Navarretia has been cleared up 
by Mason (1951) and his descriptions and key merit close attention in 
unravelling interrelationships within the genus. On the basis of the criteria 
discussed in this paper, an attempt has been made to further clarify these 
relationships and call attention to the evidence derived from various 
means of attack. The key presented here emphasizes these features and 
attempts to group the species according to their degree of specialization. 


KEY TO THE SECTIONS AND SPECIES OF NAVARRETIA 


A. Corolla lobes 1-veined; capsules membranous, indehiscent; stigmas entire, mi- 
nutely 2-lobed, or 2-cleft; flowers pale blue or white; plants largely of vernal 
pools. Section 1. FRAGILES 
B. Stigmas entire or minutely 2-lobed; stamens inserted at mid-throat or above; 

calyx sinus-membrane truncate at summit; plants restricted to vernal pools. 
C. Single vein in the corolla lobes unbranched; corolla lobes linear. 
D. Stamens inserted in or immediately below the sinuses of the corolla lobes; 
flowers pale blue, rarely white. 
E. Corolla exceeding the longest calyx lobes. 
F. Plants erect, stems slender and branching from the base; heads 
few-flowered; stamens inserted immediately below the sinuses of 
the corolla lobes. 1. N. pauciflora Mason 


236 MADRONO [Vol. 12 


FF. Plants prostrate, stems stoutish, proliferating from beneath a ter- 
minal head; heads many flowered; stamens inserted in the sinuses 
of the corolla lobes. 2. N. prostrata (Gray) Greene 

EE. Corolla shorter than the longest calyx lobes. 

G. Style slender, stigma 2-lobed, mature calyx with lobes nearly 
equal. 3. N. plieantha Mason 

GG. Style stoutish, stigma entire to minutely 2-lobed; mature calyx 
with one lobe conspicuously longer than the others. 

‘ 4. N. bakeri Mason 
DD. Stamens inserted at mid-throat; flowers white. 
5. N. minima Nutt. 
CC. Single vein in the corolla lobes divaricatedly branched; corolla lobes ovate. 
H. California 6. N. leucocephala Benth. 
HH. South America 7. N. involucrata R. & P. 
BB. Stigmas prominently 2-cleft; stamens inserted near the base of corolla throat; 
calyx sinus-membrane v-shaped at the summit; plants often bordering vernal 
pools but also in many diverse habitats. 
I. Single vein of the corolla lobes divaricately branched into 2-3 veinlets; corol- 


las usually subequalling calyx lobes. 8. N. propinqua Suksd. 
II. Single vein of corolla lobes branched into 4-8 veinlets; corollas usually ex- 
ceeding calyx lobes. 9. N. intertexta (Benth.) Hook. 


AA. Corolla lobes 3-veined; capsules coriaceous or chartaceous, dehiscent, rarely in- 
dehiscent; stigmas prominently 2- or 3-cleft; stamens usually inserted at mid- 
throat or below; flowers blue, violet, pink, or yellow; plants of open plains, 
valleys, meadows, or hillsides. Section 2. EUNAVARRETIA 

J. Capsules not regularly dehiscent; stigmas 3-cleft, included; calyx with 2 very 
long and 3 very short lobes. 


K. Bracts and calyx lobes almost glabrous; stamens included; flowers cream 


white. 10. N. subuligera Greene 
KK. Bracts and calyx lobes coarsely villous; stamens exserted; flowers pale 
blue. 11. N. tagetina Greene 


JJ. Capsules regularly dehiscent by valves; stigmas 2- or 3-cleft, included or ex- 
serted; calyx lobes variously unequal. 


L. Capsules chartaceous, unilocular (rarely 2-locular) ; 1- 2-seeded; stigmas 
2-cleft. 
M. Capsules circumscissile near the base. 
N. Corolla usually 4-merous. 
O. Heads coarsely villous; stamens equally inserted just below the 
sinuses of corolla lobes; flowers yellow or cream colored. 
12. N. cotulaefolia (Benth.) H. & A. 
OO. Heads densely soft white-villous; stamens unequally inserted in 
throat; flowers blue or white. 13. N. heterandra Mason 
NN. Corolla regularly 5-merous. 
P. Capsules 4-valved; bract rachis expanded above or below. 
Q. Corollas yellow or cream-colored, often with purple spots; 


bract rachis expanded below. 14. N. eriocephala Mason 
QQ. Corollas purple, without purple spots; bract rachis expanded 
above. 


R. Capsules 1- or 2-seeded, chartaceous throughout. 
15. VN. pubescens (Benth.) Hook. 
KR. Capsules 1-seeded, thickened above along the sutures. 
16. N. mitracarpa Greene 
PP. Capsules 8-valved; bract rachis linear throughout. 
17. N. jepsoni Bailey 
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MM. Capsules circumscissile at about the middle. 
S. Capsules 1-seeded; flowers purple. 18. N. setiloba Coville 
SS. Capsules 4-5 seeded; flowers yellow with purple spots. 
19. N. nigellaeformis Greene 
MMM. Capsules not circumscissile, incompletely 2-locular, separating into 
two halves upon dehiscence. 20. N. filicaulis (Torr.) Greene 
LL. Capsules coriaceous, 3-locular, few to many-seeded; stigmas 3- cleft. 
T. Capsules few-seeded, dehiscent from the base upwards. 
U. Bracts palmate; branches proliferating from beneath terminal heads. 
V. Plants coarsely villous; flowers to 1 cm. long, purple or yellow; 


stamens exserted. 21. N. prolifera Greene 
VV. Plants glandular-puberulent ; flowers up to 0.5 cm. long, pinkish ; 
stamens included. 22. N. divaricata (Torr.) Greene 


UU. Bracts pinnate-filiform throughout; branches basal or cauline. 


23. N. breweri (Gray) Greene 
UUU. Bracts expanded below, linear or lanceolate above. 
24. N. viscidula Benth. 
UUUU. Bracts broad-ovate below with terminal segments of 3 divergent, 
pungent lobes. 
W. Stamens unequally inserted in throat; stigma included. 
25. N. atractyloides (Benth.) H.& A. 
WW. Stamens equally inserted in throat; stigma exserted. 
26. N. hamata Greene 
TT. Capsules many-seeded, dehiscent from the top downwards. 
X. Corolla tube persistent, ruptured on one side by the maturing capsule. 
27. N. peninsularis Greene 
XX. Corolla tube circumscissile about the base and pushed upwards by 
the maturing capsule. 
Y. Bracts broadly ovate at the base, digitately lobed above. 
28. N. heterodoxa Greene 
YY. Bracts narrow and often crowded at the base with many unequal 
acerose lobes. 

Z. Plants slender, usually much branched; flowers pinkish; fila- 
ments shorter than the anthers and inserted near the base of 
the tube. 29. N. mellita Greene 

ZZ. Plants coarse, usually little-branched; flowers blue-violet ; 

filaments longer than the anthers and inserted near mid-tube. 
30. N. squarrosa (Eschsch.) H.& A. 


The author wishes to thank Dr. Herbert L. Mason and Dr. Lincoln 
Constance, University of California, for their invaluable assistance, sug- 
gestions, and criticisms during the progress and in the completion of this 
work. 


SUMMARY 


1. Corolla venation is of two types, trinervate and uninervate, each one 
exhibiting progressive reduction. 

2. Although the stamen vasculation is similar throughout the genus, 
stamen insertion shows migration from the base to the apex of the corolla 
and may be correlated with corolla venation. 

3. The stigma shows a progressive reduction from the 3-cleft condition 
to one of entirety. This may be correlated with reduction in corolla vas- 
culation. 
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4. The developmental trend in the capsule proceeds in two directions 
from a 3-locular, many-seeded, coriaceous structure. One direction has 
ended in a uni-locular, 1-seeded, chartaceous envelope having basal cir- 
cumscissile dehiscence, while the other direction has terminated in inde- 
hiscent, thin-walled, several-seeded capsules. Correlation with corolla 
venation is less evident than elsewhere. 

5. Vessel anatomy shows primitive vessels in species of little special- 
ization. 

6. Specialization in habitat is correlated with reduction in corolla vena- 
tion, stigma lobation and staminal insertion. 

7. Two sections of the genus, based upon morphological and ecological 
features, are accepted. 


Division of Agronomy Herbarium, 
University of California, Davis 
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CHROMOSOME NUMBERS IN SILENE 
(CARYOPHYLLACEAE): I. 


A. R. KRUCKEBERG! 


The genus Silene is represented in North America by fifty-four species, 
nine of which are introduced (Hitchcock and Maguire, 1947). All of the 
native perennial species, forty-two in number, are to be included in a cur- 
rent study of species interfertility and evolutionary relationships in the 
genus. In the course of this study, nineteen species of Si/ene and one of 
the closely related genus, Lychnis, have been examined cytologically. A 
summary of chromosome numbers (Table 1), camera lucida drawings of 
chromosome complements (figs. 1-28) and data on the cytological be- 
havior of certain species and on the geographical source of the collected 
material are presented here. 

The chromosome numbers were obtained primarily from acetic squash 
preparations of microsporocytes. Intact flower buds were fixed in three 
parts 95 per cent ethyl alcohol to one part glacial acetic acid and the 
anthers thus fixed squashed in acetocarmine. In cases where only pistil- 
late plants of Silene menziesi Hook. were available, chromosome counts 
were made from aceto-orcein squashes of root tips or vegetative buds. 


1 This study was supported in part by funds made available through the State of 
Washington Initiative No. 171. 
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TABLE 1. D1IPLOID CHROMOSOME NUMBERS IN SILENE 


2n Number 
Chromosome of 
Number Collections 

S. bridgesii Rohrb. 48 1 
S. californica Durand. Tetraploid 48 3 
Octoploid 96 1 

S. cam panulata Wats. 48 Z 
S. douglasit Hook. 48 6 
S. hookeri Nutt. he 4 
S. laciniata Cav. 96 3 
S. menziesti Hook. Diploid 24 1 
Tetraploid 48 11 

S. nuda (Wats.) H. & M. 48 1 
S. oraria Peck 48 1 
S. oregana Wats. 48 1 
S. parishiu Wats. 48 1 
S. parryi (Wats.) H.& M. Tetraploid 48 4 
Octoploid 96 4 

S. sargenti Wats. 48 2 
S. scouleri Hook. Tetraploid 48 2 
Octoploid 96 2 

S. scouleri subsp. grandis (Eastw.) H. & M. 48 1 
S. scouleri subsp. pringlei (Wats.) H. & M. 60 2 
S. seeleyi Mort. & Thomps. 24 1 
S. stellata (L.) Ait. 48 1 
S. verecunda Wats. subsp. platyota (Wats.) H. & M. 48 2 
S. virginica L. 48 2 
Lychnis drummondii (Hook.) Wats. 48 1 


The materials used were collected in the field or were taken from plants 
grown in the greenhouse from seed or from caudices collected in the wild. 
The camera lucida drawings were made at « 3300 and reduced to 825. 


CYTOLOGICAL OBSERVATIONS 


The basic haploid number in Szlene is 12 (Blackburn, 1928). Although 
none of the species from North America reported on here (Table 1) shows 
any deviation from that basic complement, it will be seen that the ma- 
jority of them are polyploid derivatives of that number. Thus one species 
is diploid (S. seeleyz Mort. and Thomps.), one is diploid and tetraploid 
(S. menziesii Hook.), thirteen are tetraploid (see Table 1), one is tetra- 
ploid, pentaploid, and octoploid (the S. scouleri Hook. complex), two are 
tetraploid and octoploid [S. californica Dur. and S. parryi (Wats.) H. & 
M.], one is hexaploid (S. hookeri Nutt.), and one is octoploid (S. laciniata 
Cav.). This array of polyploids contrasts significantly with the European 
species for which chromosome numbers are available. In the most exten- 
sive listing of chromosome numbers in Silene, Blackburn (1928) reported 
on over forty Eurasian species, all but two of which were diploid. She 
listed under Melandrium, three North American species, S. virginica L., 
S. pensylvanica Michx., and S. californica Dur., all tetraploid (21 = 48). 
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The present work confirms Blackburn’s count for S. virginica and for S. 
californica. However, one collection of the latter species was octoploid 
(2n = 96). The chromosome numbers of thirteen other European species, 
all diploid (2m = 24), were reported on by D. Love (1942). 

The author found that diakinesis was the most favorable stage for 
making chromosome counts (figs. 1-28). Normal chromosome pairing 
occurred regularly at diakinesis or at metaphase I in the diploids, as well 
as in the tetraploids, hexaploids, and octoploids. Irregularities during mi- 
crosporogenesis were observed in only one species, Silene scouleri Hook. 
subsp. pringlei (Wats.) H. & M. In the two collections of this taxon 
studied, both of which came from Pima County, Arizona, the chromo- 
some number at diakinesis (figs. 14 and 15) was somewhat variable, ac- 
cording to the number of univalents and bivalents present. Usually the 
number of univalents was 12 + 2 and the number of bivalents. 24 = 1. 
From observations on chromosome pairing in several diakinesis figures, 
it appears that S. scouleri subsp. pringlei would have a somatic chromo- 
some number of 60, thus making it a pentaploid. In both collections of 
subsp. pringlei, lagging univalents were to be seen at first and second 
telophases (figs. 16 and 17) ; as well, anaphase bridges were frequently ob- 
served. By the microspore stage, a large number of the quartets contained 
one to several micronuclei (Table 2 and figs. 18 and 19). Observations 
on pollen stained with cotton blue in lactophenol revealed 50 — 80 per 
cent empty pollen grains in these two collections. As yet the effects of this 
irregular meiotic behavior on seed production of subsp. pringlez in its 
native habitat is not known. However, in the greenhouse it does produce 
viable seed from selfed flowers; it has not yet been possible to study these 
seedlings cytologically. Further study will be made in an attempt to dis- 
cover the cause of this irregularity and its extent throughout the range 
of S. scouleri subsp. pringlei. 


GEOGRAPHICAL DISTRIBUTION 


The geographical distribution of the colonies on which chromosome 
counts were made is given in the following list. Collections mentioned 
are represented by dried specimens on file in the University of Wash- 
ington Herbarium. 


SILENE BRIDGESII Rohrb. (2n = 48). 
CALIFORNIA. Tuolumne County: 10 miles east of Big Oak Flat, Hitchcock 19630. 


SILENE CALIFORNICA Durand. Tetraploid (2n = 48). 

CALIFORNIA. Butte County: 12.7 miles northeast of Chico, Bell. Fresno County: 2 
miles northeast of Auberry, Quibell. Mendocino County: Along Albion-Comptche 
road, north of Albion River, 34 mile east of State Highway 1, McMillan. 


SILENE CALIFORNICA Durand. Octoploid (2n = 96). 
CaLIFORNIA. Mendocino County: Ukiah (garden culture), Purdy. 
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Fics. 1-13. Chromosomes of Silene microsporocytes, ca. X 825. Fic. 1. S. bridge- 
su, I M (Hitchcock). Fic. 2. S. campanulata, Diak. (Kruckeberg 2714). Fic. 3. S. 
douglasit, I M (Kruckeberg 2078). Fic. 4. S. menziesii, I M (Kruckeberg 2752, Tetra- 
ploid). Fic. 5. S. menziesii, 1 T (Kruckeberg 2851, Diploid). Fic. 6. S. nuda, Diak. 
(Kruckeberg 2893). Fic. 7. S. oraria, Diak. (Hitchcock 20037). Fic. 8, S. oregana, 
Diak. (Kruckeberg 2458). Fic. 9. S. parryi, Diak. (Kruckeberg 3086, Tetraploid). 
Fic. 10. S. parryi, Diak. (Kruckeberg 2753, Octoploid). Fic. 11. S. parishi, Diak. 
(Snow 23). Fic. 12. S. scouleri, 1 M ( Kruckeberg 3176, Octoploid). Fic. 13. S. scouleri 
subsp. grandis, Diak. (Hoffman, Tetraploid). 
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TABLE 2. NUMBER OF MICRONUCLEI IN POLLEN QUARTETS OF 
SILENE SCOULERI SUBSP. PRINGLEI 


Number of micronuclei in quartets Sporads with less 
Collection* Nonet one two three four than 4 microspores 
K. F. Parker 150 73 27 10 3 5 
V. Grant 139 55 13 6) 1 40 


* See text for locality data. 
+ Many pollen grains of “none” class contained chromosomes excluded from nucleus. 


SILENE CAMPANULATA Wats. (2n = 48). 

OreEGOoN. Jackson County: Along Palmer Ridge at Palmer Creek trail, Applegate- 
Ruch loop road, Kruckeberg 2714. Lane County: Wooded hillside overlooking Arm- 
itage Bridge and Mackenzie River, 6 miles northeast of Eugene, Kruckeberg 2916. 


SILENE DOUGLASII Hook. (2n = 48). 

NeEvapDA. Douglas County: 4-mile east of Spooner’s Summit on U. S. Highway 50, 
Kruckeberg 2888. 

OreEGon. Deschutes County: In juniper-ponderosa pine, 5 miles southeast of junc- 
tion, U. S. highways 20 and 28, between Tumalo and Sisters, Kruckeberg 2078. 

WASHINGTON. Clallam County: Ridge trail between Mount Angeles and Hurricane 
Ridge, Kruckeberg 2794. Kittitas County: Lion Rock Lookout, eastern Wenatchee 
Mountains, Kruckeberg 3080; %-mile southeast of Liberty Guard Station, Swauk 
Creek Canyon, Kruckeberg 3095. Spokane County: Along Brooks Road, 15 miles west 
of Spokane and 2 miles north of U. S. Highway 2, Kruckeberg 2811. 


SILENE HOOKERI Nutt. (2n = 72). 

OreEGOoN. Douglas County: 2 miles east of Camas Valley on State Highway 42, 
Kruckeberg 3312. Jackson County: Thompson Creek road, below Guard Station, 
Kruckeberg 2712. Josephine County: Whiskey Creek, 3 miles west of Obrien, Krucke- 
berg 2907. Polk County: 3 miles northwest of Dallas on State Highway 22, Krucke- 
berg 2696, 3309. 


SILENE LACINIATA Cav. (2n = 48). 

CaLirorniA. Los Angeles County: Cobal Canyon, San Gabriel Mountains, Grant 
16119; near Whittier, Thompson 1431. Santa Barbara County: Laurel Canyon, Steb- 
bins (August 7, 1951). 


SILENE MENZIESII Hook., Diploid (2n = 24). 


IpAHo. Blaine County: Trail Creek Forest Camp, 2 miles east of Sun Valley, 
Kruckeberg 2851. 


SILENE MENZIESII Hook. Tetraploid (2n = 48). 

OrEGON. Klamath County: 5 miles west of Sprague River junction, Hitchcock 
19498. Lake County: 25 miles northwest of Lakeview, Hitchcock 19489. 

WaAsuHINGcTON. Chelan County: Upper Nigger Creek Trail, 4g-mile above Horse 
Pasture, Wenatchee Mountains, Kruckeberg 2752; near fork of Nigger Creek and 
King Creek trails, Wenatchee Mountains, Kruckeberg 2764. Spokane County: Just 
north of Dartford, near summit of grade on U. S. Highway 395, 17 miles north of 
Spokane, Kruckeberg 2823. 

IpanHo. Nez Perce County: Lewiston Hill, 6 miles north of Lewiston, Hitchcock 
19437. Lewis County: Lawyer Creek camp between Craigmont and Ferdinand on 
U.S. Highway 95, Kruckeberg 2830. Valley County: 7 miles west of McCall, Krucke- 
berg 2843; granitic pine hills between Cascade and Smith Ferry, North Fork of Payette 
River, Kruckeberg 2847. 
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Fics. 14-25. Chromosomes of Silene microsporocytes, ca. X 825. Fic. 14. S. scouleri 
subsp. pringlei, Diak. (Grant 16134, Pentaploid). Fic. 15. S. scouleri subsp. pringlei, 
Diak. (Parker, Pentaploid). Fic. 16. S. s. pringlei, I T, with lagging univalents 
(Parker). Fic. 17. S. s. pringlei, 11 T, with lagging chromosomes (Parker). Fics. 18, 
19. S. s. pringlei, sporad stage; abnormal pollen grains and micronuclei (Parker ). Fic. 
20. S. seeleyz, I M (Kruckeberg 2751). Fic. 21. S. stellata, Diak. (Lemmon). Fic. 22. 
S. verecunda, I M (Snow 22). Fic. 23. S. virginica, I M (Lemmon). Fic. 24. S. sar- 
genti, Diak. (Kruckeberg 2889). Fic. 25. Lychnis drummondii, Diak. (Kruckeberg 
2874). 
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Urau. Cache County: 18 miles up Logan Canyon, Holmgren (September 25, 1953). 
San Pete County: Above Baldy Ranger Station, on Skyline Drive, Wasatch Plateau, 
Kruckeberg 2873. 


SILENE NuUDA (Wats.) H. & M. (2n = 48). 
CALIFORNIA. Sierra County. Just north of summit between turnoff to Calpine Look- 
out and Graeagle, State Highway 89, Kruckeberg 2893. 


SILENE ORARIA Peck (2n =48). 
Orecon. Tillamook County: On bluffs above the sea at mouth of Salmon River, 
Cascade Head Forest Experiment Station, Hitchcock 20037. 


SILENE OREGANA Wats. (2n = 48). 
OrEcon. Wallowa County: Sacajawea Camp near Hat Point, Kruckeberg 2458. 


SILENE PARISHII Wats. (2n = 48). 
CALIFORNIA. San Bernardino County: Grout Creek Bridge, Bear Valley, Snow 23. 


SILENE PARRYI (Wats.) H. & M. Tetraploid (2n = 48). 

WaAsHINGTON. Chelan County: Mount Lilian (Table Mountain area), eastern 
Wenatchee Mountains, Kruckeberg 3049; Mission Peak (Table Mountain area), east- 
ern Wenatchee Mountains, Kruckeberg 3086 ; Naneum Meadows, 2 miles east of turn- 
off to Lion Rock Lookout, eastern Wenatchee Mountains, Kruckeberg 3248; slopes 
of Mission Peak, eastern Wenatchee Mountains, Phillips (September, 1953). 


SILENE PARRYI (Wats.) H. & M. Octoploid (2n = 96). 

WAsHINGTON. Chelan County: ¥4%-mile above Horse Pasture, upper Nigger Creek 
trail, western Wenatchee Mountains, Kruckeberg 2753; at 5-mile marker on upper 
Nigger Creek Trail, western Wenatchee Mountains, Kruckeberg 2762. Kittitas 
County: DeRoux Forest Camp, North Fork Teanaway River, western Wenatchee 
Mountains, Kruckeberg 2673; Fish Lake, Upper Cle Elum River, Kruckeberg 2°61. 


SILENE SARGENTII Wats. (2n = 48). 
CALIFORNIA. Lassen County: Lake Helen, Lassen National Park, Kruckeberg 2899. 


SILENE SCOULERI Hook. Tetraploid (2n = 48). 

WASHINGTON. Pierce County: Tacoma prairies between Spanaway and Roy, 
Kruckeberg 2744. Spokane County: Philleo Lake, 6 miles west of Spangle, Krucke- 
berg 2828. 


SILENE SCOULERI Hook. Octoploid (2n = 96). 

OrEGoN. Wallowa County: West side of east lateral moraine, Wallowa Lake, 
Kruckeberg 3176. 

Ipauo. Nez Perce County: Summit of Winchester Grade, 25 miles south of Lewis- 
ton, on U.S. Highway 95, Kruckeberg 3179. 


SILENE SCOULERI Hook. subsp. GRANpbIS (Eastw.) H. & M. (2n = 48). 
CALIFORNIA. Sonoma County: Ocean bluffs at Wright’s Beach, Hoffman (Septem- 
ber 7, 1951). 


SILENE SCOULERI Hook. subsp. PRINGLEI (Wats.) H. & M. (2n = 60). 

ARIZONA. Pima County: Mount Lemmon, Santa Catalina Mountains, Grant 16134 
(September 15, 1951); Mount Lemmon, Santa Catalina Mountains, Parker (Sep- 
tember 21, 1952). 


SILENE SEELEYI Morton & Thompson (2n = 24). 
WasuincTon. Chelan County: Basalt cliffs, 4%-mile above Horse Pasture, upper 
Nigger Creek trail, western Wenatchee Mountains, Kruckeberg 2751. 
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Fics. 26-28. Chromosomes of Silene microsporocytes, ca. & 825. Fic. 26. S. califor- 
nica, Diak. (Bell). Fic. 27. S. hookeri, Diak. (Kruckeberg 2696). Fic. 28. S. laciniata, 
Diak. (Stebbins). 


SILENE STELLATA (L.) Ait. (2n = 48). 
GeorciA. Cobb County: Marietta, Lemmon. 


SILENE VERECUNDA Wats. subsp. PLATYOTA (Wats.) H. & M. (2n = 
48). 

CaLIFoRNIA. Riverside County: Hall Canyon, San Jacinto Mountains, Kamb; San 
Bernardino County: Hanna Flats Forest Camp, Bear Valley, Snow 22. 


SILENE VIRGINICA L. (2n = 48). 
GeorcIA. Cobb County: Marietta, Lemmon. 
NorTH CAROLINA. Buncombe County: Asheville, Bell. 


LYCHNIS DRUMMONDII (Hook.) Wats. (2n = 48). 


Urau. San Pete County: Spruce meadows above Baldy Ranger Station, Skyline 
Drive, Wasatch Plateau, Kruckeberg 2874. 


Although S. parryi (Wats.) H. & M. is a widespread species in the 
Northwest, to date study material has been limited to collections from 
the Wenatchee Mountains in central Washington. In this small geographic 
area of approximately 300 square miles, two distinct chromosomal races 
have been observed. The octoploid form predominates in the western 
Wenatchees, an area extending from the Cascade Crest to Blewett Pass 
and Swauk Creek. This western half of the Wenatchee Mountain spur 
is predominantly an igneous formation, acid (granitic) and ultrabasic 
(peridotites and serpentine) forming the chief rock types. In this area 
the octoploid form of S. parryi occurs primarily on the ultra-basic igneous 
formations at from 5,000 to 8,000 feet elevation; in contrast, the tetra- 
ploid counterpart has been found on the high basaltic plateau of the 
Table Mountain-Mission Peak areas which constitute the eastern end of 
the Wenatchee Mountain spur. 
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Another species in which there is more than one ploidy level is S. scou- 
leri Hook. The three tetraploid collections are widely separated geo- 
graphically and include the robust coastal subsp. grandis (Eastw.) H. & 
M. from California. The two from Washington are probably referable to 
subsp. typica H. & M., although the collection from the Tacoma Prairies 
is suggestive of the stature and flower color of subsp. grandis. The octo- 
ploid forms of subsp. ¢s'pica were from ecologically similar and geograph- 
ically adjacent areas, separated from one another by the Snake River 
Canyon. The third subspecies of S. scouleri—subsp. pringlei—the penta- 
ploid with 27 — 60 has already been referred to in connection with its 
irregular meiotic behavior. It is a well-defined taxon with more remote 
affinities with S. scouleri than any others of the subspecies in this poly- 
morphic species. Interfertility studies, now in progress, involving hybrid- 
izations between subsp. pringlei and subsp. typica, as well as among other 
related taxa, may clarify the systematic position of this puzzling entity. 

The present observations on chromosome number in North American 
species of Silene have disclosed the existence of a polyploid seriation rang- 
ing from 2n = 24 to 2n = 96. When more cytological data as well as ob- 
servations on interfertility are available for the balance of the North 
American species, it is hoped that inferences of relationship within the 
genus may be drawn with greater certainty than they have been in the 
past. 


Department of Botany, 
University of Washington, Seattle 5. 
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A DEPHLOGISTICATED SPECIES CONCEPT 


J. F. DAavipson 


Some two hundred fifty years ago in the field of chemistry there was 
considerable discussion as to the reality, the nature and attributes of 
‘“Dhlogiston”’, the essence of combustion. For many years, there has been 
no question as to the reality of this element which produced fire. Since 
many substances were combustible, it was obvious to the early workers 
that these materials contained phlogiston. Once such combustibles had 
been burned, thereby removing the pholgiston, they would no longer burn. 
They were dephlogisticated. 

Acceptance of the phlogiston theory, however, brought problems. For 
example, charcoal was burned completely and must therefore have been 


1954] DAVIDSON: SPECIES CONCEPT 247 


pure phlogiston. However, sulphur was also completely consumed on burn- 
ing and must also be pure phlogiston. Yet sulphur and charcoal were obvi- 
ously not the same substance. Then, too, both charcoal and sulphur could 
be weighed, and if the end products of combustion were collected and 
weighed, these end products weighed more than the original materials. 
Since, presumably, phlogiston had been removed, then phlogiston must 
have a negative weight. Yet the pure phlogiston, in either charcoal or 
sulphur, had had a positive weight! 

Such arguments, which may appear absurd to us now, finally succumbed 
to a re-evaluation of the facts of combustion. 


The term species today is in a somewhat similar position to that of 
phlogiston two and a half centuries ago. There are today many discus- 
sions concerning species, their delimitation, attributes and definition, and 
these discussions often savour faintly of the arguments in favor of either 
charcoal or sulphur being pure phlogiston. The reality of the species as a 
biological or physical unit is probably only as valid as the reality of phol- 
giston as a chemical unit or element. Perhaps it is time that we, like the 
chemists of the past, re-examine the factual bases upon which our con- 
cepts rest. Such a re-examination is attempted here. 

It is not our intention to discard the term species, nor yet to offer an- 
other definition to the multitude already in existence. It is instead, to 
attempt to reach some common ground of agreement based upon a founda- 
tion of fact. As we are now finding, without such common agreement, 
the term species will be vague and meaningless and will lead ultimately 
to confusion. 

As we examine the various definitions of species which have been pro- 
posed, the sole feature that appears to be common to all is the statement 
that species are composed of individuals which possess certain common 
characteristics. The nature of these common characteristics varies with 
the different definitions. It should therefore be possible to start at this 
level of agreement in the development of our thesis, namely, that each 
species is composed of a number of individuals. 

In nature, the question of individuality may arise in such forms as 
Volvox, where the problem concerns a choice between considering the 
sphere as a colony of individual cells or as a single individual organism. 
The question may also arise in the lichens, where the problem concerns 
the choice between dealing with the lichen as a single organism or as a 
symbiotic relationship between an alga and a fungus. Normally, however, 
in the higher plants, despite the common occurrence of symbionts and 
parasites, there is no question as to the individuality of a plant. This 
recognition of individuality is an inherent part of the various species defi- 
nitions, so that we are not here implying anything novel. For this reason, 
we may accept the occurrence of individual plants as the basis for taxon- 
omy and classification in this group. 
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Since classification implies the sorting into classes, any classification of 
plants must attempt to separate the total mass of plants into groups. This 
total mass of plants includes all plants of all time, living and fossil, as 
well as those which have left no trace of their existence. If we had access 
to this total mass of plants, and if we accept the theory of evolution, it is 
obvious that we would be faced with a single continuum. It is also obvious 
that any classification of such a continuum would have to be based upon 
arbitrary standards, since at some point we would be forced to separate 
parent from offspring as belonging to different groups. 

As classifiers, we should therefore be extremely thankful for the occur- 
rence of extinction, because in dealing with contemporary plants, the ex- 
tinction of the intervening individuals creates a gap in the continuum. 
When we attempt to portray the conditions found in nature in our system 
of classification, we utilize these gaps in the continuum as convenient 
places to draw a line of separation between groups of individuals. In 
palaeontology as well, the absence of certain intermediate fossil types 
also serves as a convenient gap for classification purposes. 

Extinction is not a phenomenon of the past alone, but is also in opera- 
tion today. As this is written, in some plant fertilization is occurring 
which will result in an embryo predestined for death or extinction before 
completion of its life cycle due to the physiology of the plant embryo 
being inadequate at some phase of its ontogeny. This inadequacy of the 
physiology is due in turn to the inadequacy of the genic complement of 
the zygote for the environment in which the embryo or seedling finds 
itself. As a corollary, each plant which lives to complete its life cycle 
obviously possesses a genic constitution adequate for the environment in 
which it lives. The environment selects for survival only those individ- 
uals with favorable gene combinations, and dooms the vast majority of 
the offspring to perish. If this were not true, we would soon be overpopu- 
lated with a given type of plant. Selection by the environment eliminates 
certain gene combinations and.thereby produces discontinuities. These 
discontinuities involve a basic discontinuity in the total gene constitution. 

Since it would be quite irrational to attempt to determine the total 
gene constitution of all individuals, we attempt to approximate this objec- 
tive by determining the discontinuities in the distribution of characters 
which are controlled by genes. Since genes apparently control the physi- 
ology of the individual, and through the physiology both the morphology 
and the reactions of the individual to the environment, it would appear 
that discontinuity in the distribution of any character would serve as an 
indication of genic discontinuity. 

It is possible to find in nature chromosomal translocations and inver- 
sions which produce genetic discontinuity. That is, individuals carrying 
these chromosomal aberrations show a great reduction in fertility when 
crossed with individuals carrying the normal chromosome complement. 
This may occur, however, when the total gene constitutions of the inter- 
breeding individuals are practically identical. Hence such intersterility 
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cannot be used as an infallible measure of genic dissimilarity. Although 
individuals with mutually exclusive gene patterns are also intersterile, 
there is absolutely no assurance that a mere reduction in fertility is 
accompanied by a corresponding diversity of genic constitution. Inter- 
sterility in itself is an indication of a difference of physiology of the 
gametes involved, and may be of major or minor nature. It is of compar- 
‘able importance to other physiological differences, such as those which 
may concern environmental relations. 

If we include geographical and temporal distribution, discontinuities 
are of universal occurrence in nature, since no two individuals can occupy 
the same space at the same time. We are capable of bridging many of 
these discontinuities mentally. In fact, we frequently do so unconsciously, 
and then have a difficult time in appreciating the existence of the discon- 
tinuity. For example, when we encounter a patch of violets in the woods, 
we are apt to think of it in terms of a unit. We mentally group the sim- 
ilar individuals together into a single unit, despite the fact that the only 
units present are the individual plants. Their geographical proximity is 
purely relative to their proximity to each other as compared with the 
distance of the members to plants in other patches. Even the phyloge- 
netic continuum mentioned earlier is more apparent than real since the off- 
spring of sexually-reproducing parents is not the same organism as either 
parent. Thus the phylogenetic lineage is a series of descendant individ- 
uals which we see as a continuum only through our mental processes. 

The tendency to speak and think in terms of attributes of a group of 
individuals, apart from the attributes of the individual components, is 
another example of mental aggregation or mental perception. As an ex- 
ample, one can readily see the triangle formed by setting up ten pins in 
a bowling alley, yet the triangle is not an attribute of any single pin, but 
rather of the whole group of pins. The triangle in this case is purely 
mental. We mentally construct three lines bounding the pins and we 
mentally produce them until they meet to form the triangle. In the same 
manner, we tend to bound a “grove” of trees, by drawing a mental line 
around the outermost trees. When the distance between two groves ap- 
proximates the distance between the trees within the groves, then the 
process of drawing the boundaries becomes more difficult. Basically, of 
course, there is no doubt that there is a given number of trees, each in 
its own location. Whether they form one grove or two can be debated 
indefinitely and to no purpose. 

Thus it would appear that all aggregation of individuals into groups 
is therefore a process of lesser or greater mental difficulty. In many cases, 
- where a number of individual plants possess a combination of many char- 
acters which is unknown in other plant groups, the aggregation into a 
unit is mentally very simple. The fact that the combination of characters 
is unknown elsewhere implies discontinuity in the distribution of these 
characters. The greater the number of these characters, the easier is our 
mental aggregation of the individuals possessing them. We have, on the 
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other hand, groups of plants in which there are few common characters, 
and here the mental process of aggregation becomes increasingly difficult 
as the number of common characters is reduced. 

It is logical, therefore, that as we progress through the aggregation 
process, from parent and offspring, through population, form, variety, 
species, genus, family, order, and class, there will be progressively fewer 
common characters held by all the component individuals, and hence the 
aggregation process will become increasingly difficult. 

As one might expect, there is a great range in the magnitude of discon- 
tinuities between groups of individuals. On the one hand, we have the 
situation which exists in the maidenhair tree (Ginkgo biloba), in which 
the plants are so unlike anything else that they constitute a distinct 
order, yet they are at the same time so much alike that all the individuals 
are commonly referred to one species. On the other hand, we have the 
situation which exists in the genus Salix, the willows. Here, many of the 
species of the northwestern United States are all capable of interbreed- 
ing to produce fertile offspring. If we wish to argue that species have an 
objective reality, we may select examples such as Ginkgo. If we wish to 
argue that species do not exist in nature at all, we may select such ex- 
amples as the willows. A true understanding of the situation in nature, 
however, must embrace both of these extreme cases. 

There is sufficient discontinuity apparent in nature to retain the term 
“species” as a convenient designation, provided that the user and listener 
is each cognizant of the significance of its use. While the individuals 
which comprise the species are aggregated on the basis of their common 
characters, it must be recognized that these individuals can be assumed 
to be alike only in these determined respects. In any other character, 
variation should be expected until constancy is demonstrated. We must 
be forever conscious of the fact that a species is not a homogeneous group 
of identical individuals, but, on the contrary, within a species variation 
is more common than constancy. 

Since the list of characters common to the individuals of a species is 
compiled by various workers, and since these workers usually select dif- 
ferent samples, the lists of common characters are necessarily subjective. 
Also, since the characters of the species are nothing more or less than the 
list of common characters, it would appear that the species itself is merely 
a mental aggregation of the individuals bearing these characters. 

This does not deny the existence of species, but indicates that they are 
mental units rather than biological units. The biological units are the 
individuals and these functioning individuals are interrelated through 
their phylogenetic lineages. We have a hierarchy of categories set up by 
international agreement through which we may express our concepts of 
these relationships. The more minor the category selected to embrace 
two individuals, the closer is the suggested relationship. Thus two indi- 
viduals in the same forma are presumed to be more closely related than 
they would be if placed in different forma in the same variety; and the 
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latter would be more closely related than if they were placed in different 
varieties, or different species. 

The question of paramount importance is “How are these individuals 
related,” not ““To what category should each be assigned?” If an analogy 
might be used, we could consider a river system. It matters little whether 
the tributaries are called creeks, runs, streams, rills, brooks, or rivers. 
The important aspect concerns their location, depth, breadth, and rate 
of flow. So with our plants, the “species problem” concerns not so much 
what constitutes a species, but rather, what are the attributes of the in- 
dividuals included in each species. As our knowledge of these attributes 
grows, apparently conflicting evidence will tend to disappear, since there 
can be no conflict in truth, and a more accurate portrayal of relationships 
will be possible. 


Department of Botany, 
University of Nebraska, Lincoln 


APACHE PINE AND ITS RELATIONSHIP TO 
PONDEROSA PINE 


N. T. Mirov! 


Righter and Duffield (1951) described a hybrid obtained by crossing 
ponderosa pine (Pinus ponderosa Laws.) and Apache pine (P. latifolia 
Sarg.). The hybrid possessed several advantageous characters, such as a 
long taproot and rapidity of growth. It appears to be interesting to in- 
quire into the taxonomic status of the parents because their relationship 
is far from being settled. 

Some botanists (Shaw, 1914, p. 66) consider the Apache pine of south- 
western United States and Mexico merely a variety of ponderosa pine. 
From their point of view the hybrid P. latifolia & P. ponderosa is, then, 
the product of an intraspecific hybridization, i.e. hybridization of two 
varieties of the same species. Others (Sudworth, 1917, pp. 33-35) believe 
that Apache and ponderosa pines are distinct species; thus the hybrid 
should be considered, by those who share this opinion, as the result of a 
distant (interspecific) hybridization. 

Ponderosa pine is a generally recognized species. The several varieties 
which have been described under it (such as var. scopulorum Lemmon or 
var. nigricans Lemmon) are considered valid by some botanists, while 
others do not believe that these entities merit varietal status. (Pinus Je ff- 
reyi Grev. & Balf., at one time regarded as a variety of P. ponderosa, is 
now considered a distinct species by most workers.) 


1 Physiologist, Institute of Forest Genetics, California Forest and Range Experi- 
ment Station, maintained by the Forest Service, U. S. Department of Agriculture, in 
cooperation with the University of California, Berkeley. The experimental work on 
which this paper is based was aided by a grant from the Rockefeller Foundation. 
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The status of Apache pine, however, is more complicated. Specimens 
of this pine have been described by various botanists as distinct species 
(P. macrophylla Engelm., 1887; P. latifolia Sarg., 1889; P. apacheca 
Lemmon, 1894; P. mayriana Sudw., 1897). All these names signify that 
Apache pine may be entitled to the rank of a species. On the other hand, 
Shaw (1914) does not consider Apache pine as distinct from ponderosa 
pine and places these names in synonymy under P. ponderosa. (In the 
new Forest Service Check List ..., Trees of the United States, Handbook 
41, Wash., 1953, Apache Pine is listed as P. engelmannii.) 

Herbarium specimens of P. latifolia and P. ponderosa are very similar 
in appearance. However, foresters and those botanists who are familiar 
with the two pines growing under natural conditions, are aware of many 
characters of Apache pine that are different from the characters of pon- 
derosa pine. These characters are: long, lush-green foliage, deep taproot 
of seedlings, a seedling “‘grass stage” similar to that of P. palustris and 
(in lesser degree) of P. montezumae, red-brown color of bark scales, and 
others. It is on these bases that Apache pine was considered to be a dis- 
tinct species by the early workers. 

Recent biochemical investigations of ponderosa and Apache pines, con- 
ducted at the Institute of Forest Genetics, furnish additional informa- 
tion in regard to the botanical relationship of the two. It was found that 
all investigated varieties of ponderosa pine—from California, northern 
Idaho, the Black Hills of South Dakota, Colorado, Utah, and Arizona 
(Haagen-Smit et al., 1950; Iloff and Mirov, 1954, Mirov, 1951) may be 
characterized by the presence in their turpentines of large quantities of 
a terpene, delta-3-carene. This terpene may be thus considered as a spe- 
cific character of ponderosa pine throughout its range. On the contrary, 
turpentine of Apache pine does not contain any delta-3-carene. Thus, 
taking into consideration its chemical characters, Apache pine should be 
classified as a distinct species and not as a variety of ponderosa pine. 


Berkeley, California 
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